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PROM THE author's 

PREFACE 

TO THE TWELFTH LONDON EDITION. 



Thc Author of tlie following pages is aware that there al* 
ready exists several valuable but expensive books on Natural 
and Experimental Philosophy ; and he should not have pre- 
sumed to add to their number, except for the purpose of re- 
ducing an important branch of knowledge, in bulk and price, 
to the level of the business of schools, and adapting the whole 
to the present state of knowledge. 

Every instructor of youth must be aware, that mere dis- 
quisitions are of no use in the art of teaching ; and that no 
science can be taught, if the student does not work or perform 
operations in it ; or answer questions which involve the con- 
sideration of its various details. 

He who only reads about a scnence, can be nothing more 
than a smatltrer ; whilst he who commits its terms and ele- 
mentary principles to memory, and applies them by some act 
of his own mind, to the various combinations of the science, 
soon becomes a master of it. 

In strict conformity ^i\h this principle, this Grammar of 
Natural Philosophy has been compiled. All tlie definitions 
and elementary principles have been written with studied 
brevity, so that they may be learned by rote. With these 
have been intermixed such easy and familiar Experiments, 
Observations, and Illustrations, as will enable the young stu- 
dent to work in each science, while at the same time copious 
Questions have been annexed, for the purpose of adapting the 
book to the system of teaching by questions without answers. 

The author cannot let, pass this favourable opportunity, to 
express his sense of the honour which has been rendered to his 
humble endeavours, in the five works which he has already 
submitted to the public. He alludes to his CLASS BOOK, 
his UNIVERSAL PRECEPTOR, his Exercises in Read- 
ing, his English Grammar, and his Models of Juve« 
NILE Letters, in all of which he laboured diligently to give 
a popular feature to useful knowledge, and has met with his 
reward in the unparalleled success of those books. 

1* 
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He hopes this new and improved edition of the Grammar of 
Natural Philosophy, will not diminish the reputation he has 
acquired, and that, combined with the Qvestiohs, it will be 
ibund to be the most complete coarse of Philosophy, that bnte 
ever been submitted to Schools. 

JULT, 18^. 
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©F MATTER AND ITS PROPERTIES. 

1. Matter is the general name of every thing or 
substance, that has length, breadth, and thickness. 

Obs, Philosophers have in all ages discussed the g^eneral 
nature of matter, but without arriving; at any satisfactory re- 
sult. This is certain, that all we know of matter is merely 
relative to our own powers and senses ; and those relative 
properties, being all we can know, are the proper objects of 
Philosophical inquiry. 

2. The properties of all matter or substance, are 

SOLIDITY, DIVISIBILITY, MOBILITY, and INERTNESS. 

3. Solidity is that property which every substance 
possesses, of not permitting any other substance to 

occupy the same place at the same time. <• 

Illustration 1 . If a piece of wood or metal occupy a certain 
8j[)ace, before any thing else can take possession of that space, 
&e wood or metal must be removed. 

2. Water and even air, have this property. 

Experiment 1. If some water be put into a tube closed at 
one end, and » piece of wood be inserted that fits the inside of 
the tube very accurately, it will be impossible by any force to 
get the wooden piston to the bottom of the tube, unless the 
water is first taken away. 

2. The «9Eperiment m^y sin Be nmde with aii; instead of 
water. 
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8 OF MATTER AND ITS PROPERTIES. 

Corollary, Therefore water, air, and all other fluids, are, 
with reference to space, equally solid with the hardest bodies. 

4. Divisibility, is that property of matter, by which 
its parts may be divided and separated from each 
other. Of this division there can be no end. 

IHits. 1. Since matter can never be annihilated by division, 
80 we can never ima^ne it to be cut into such small particles, 
that any on^ of them shall riot have an upper and under sur- 
face, which may be separated, if we have instruments fine 
enough for the purpose. 

2. It would also be absurd to say, that the greatest mass has 
more halves, quarters, or thousandth parts, than the smallest 
particle of matter.' 

Exp. 1. If a grain of gold be melted with a pound, or 5760 
grains of silver, and a single grain of the mass be dissolved into 
diluted nitric acid, the gold, which is only the 5761st part of a 
grain, will fall to the bottom and be visible ; but the silver will 
be dissolved in the acid. 

2. A grain of gold maybe hammered by the gold-beaters to 
such a degree of fineness, that the two millionth part of the 
grain may be seen by the naked eye. 

3. In addition to these experiments we may observe, that 
there are animalcule so small, that many thousands of them 
taken together, are smaller than the point of a needle. Mr. 
Leewenhoeck informs us, that there are more animals in the 
milt of a codfish, than there are men on the whole earth, and 
a single grain of sand is larger than four millions of these ani- 
mals. Moreover, a particle of the blood of one of these ani- 
malcule has been found, by calculation, to be as much smaller 
than a globe of the 1-lOth of an inch in diameter, as that globe 
is smaller than the whole earth. 

4. The natural divisions of matter are still more wonderful. 
In odoriferous bodies, a surprising subtilty of parts is perceiv- 
ed : several bodies scarcely lose any sensible part of their 
weight in a great length of time, and continually fill a very 
large space with odoriferous particles. Dr. Keill has comput- 
ed the magnitude of a particle of assafoetida to b^ only 38 
trillionths of a cubic inch. 

CoroL From all which it is evident, that matter is actually 
divisible to a degree much greater than we can imagine ; and 
to which divisibility we can set no limits. 

5. Mobility is that property of matter by which it 
is capable of being moved fr6m one part of space to 
another. 



OF MATTER AND ITS PROPERTIES. 9 

JUhts. ft is found from experiment and observation, that all 
matter is capable of beings moved, if a sufficient force can be 
applied for the purpose. 

6. Inertness, or iDactiviiy, is that property of matter 
by which it would always continue in the same state of 
rest or motion, in which it is put, unless changed by 
some external force. 

lUtis. 1. It is evident that matter, as a stone, can never put 
itself in motion, unless it be in some way acted upon. 

2. Bodies in motion, as a bowl on the g;round, or a cannon- 
ball passing; through the air, fall from motion to a state of 
rest, either by the friction of the earth, by the gravity or 
weight of the body, or by the resistance of the air. 

Exp. 1. A marble shot from the fingers would run but a 
small distance on a carpet : its motion would be continued 
much longer on a flat pavement; and longer still on fine 
smooth ice. Here the friction is greatest on the carpet, and 
least on the ice. [f the friction were quite removed, and the 
resistance of the air also, the marble . once put in motion 
would continue in that state for ever 

2. If a ball were fired from a cannon with a certain veloci- 
ty, and there was no resistance from the air, it would circulate 
round the earth perpetually, and never come to a state of rest. 

3. If a person were standing in a boat at rest, and the boat 
be suddenly pushed from the shore, he will be in danger of 
falling backwards. And if the boat in swift motion be stopt 
biefore he is aware, he will fall forwards, because his tenden- 
cy will then be to continue in the same state of motion. 



QUESTIONS ON MATTER AND ITS PROPERTIES. 

What is matier ? 

What are the properties of matter? 
Whsit is soliditi/ ? 
What is divisibility? 

Give an example of the divisibility of matter. 
What is mobilits ? 

In what does this property of matter consist i 
What is inertness .' 

What effect does inertness have on matter ? 
Why does not a body once put in motiop dways continue t^ 
move? 
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OF THE MECHANICAL AFFECTIONS OF 

MATTER. 

7. By Attraction is meatit the tendency that bo- 
dies have to approach each other whatever be the 
cause of such tendency. 

8. There are five kinds of attraction : viz. the at- 
traction of co^non ; of gravitation; of electricity ; of 
magnetism ; and of chemical affinity. 

9. The attraction of Cohesion is that by which the 
constituent particles of bodies are kept together. By 
this principle they preserve their -forms and are pre- 
vented from falling to pieces. 

Illus. The attraction of cohesion takes place between bo- 
, dies or atoms, only when they are at very small distances from 
each other. 

Exp, 1. If two leaden bullets are scraped very clean, and 
squeezed tt^ether, they will adhere so firmly as to require a 
considerable force to separate them. 

2. If two globules of quicksilver, be placed near each oth- 
er, they will run together and become one large drop 

The result of sundry experiments made by professor Mus- 
schenbroek, to shew the eoh^stve poiver of different solids, may 
be seen in the following table In estimating the absolute 
cohesion of solid bodies, he applied weights to separate them 
according to their length ; the pieces of wood which he used 
were parallelopipedons, each side of which was 27-lOOths of 
an inch, and the metal wires made use of were 1-lOth of a 
Rhinland inch in diameter, and they were drawn asunder by 
the following weights. — 





lb. 




lb. 


Fir 


600 


Copper 


299 1-4 


Elm - 


- 950 


Brass 


360 


Alder 


- 1000 


Gold - 


500 


Oak - 


- 1150 


Iron 


450 


Beech 


- 1250 


Silver 


370 


Ash - 


- 1250 


Tin 


49 1-4 




Lead 


29 1-4 





1 0. Capillary attraction is reckoned a species of cohe- 
ion. The suspension of the fluid in capillary tubes,i8 
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owing to the attraction of the ring of glass contiguous 
to the upper surface of the fluid ; and in capillary 
tuhes, the heights to which the fluid rises are inverse- 
ly as the diameter of the bores. 

Exp, 1. If a small glass tube open at both ends, be dipt in 
water, the water will rise in the tube, higher than its level in 
the basin. The smaller the bore of Ihe tube, the higher will 
the water rise. 

2. Take two pieces of glass five or six inches square, join 
any two of their sides, an^ separate the opposite sides with a 
small piece of stick, so that the surface may form a small an- 
gle ; tiien immerse them about an inch deep in a basin of 
coloured water, and the water will rise between the glasses 
and form a beautiful curve. 

3. A piece of sugar br sponge, wiU draw up water or any 
other fluid upon the same principle. 

1 1. It is, probably, owing to the various degrees of« 

cohesion, that some bodies are hard, and others sofl ; 

that some arc in a solid, others in a fluid state. 

Obs As it is by the attraction of cohesion that the parts of a 
"body are kept together ; i^o when a body is broken, it is this 
attraction that is overcome. Hence the reason of soldering 
of metals, gluing of wood, &c. Hence also may be explained 
why some bodies are hard^ others soft, and othersy{t<i(/, which 
properties may result from the different figures of the parti- 
cles, and the greater or less degree of attraction coiisequent 
thereupon. EkisH&ity may arise from the particles of a body, 
when disturbed, not being drawn out of each other's attrac- 
tion ; as soon, therefore, as the force upon it ceases to act, 
they restore themselves to their former position. 

12. Repulsion is a force that is supposed to extend 
to a small distance round bodies, so as to prevent 
them from coming into actual contact. 

Oh» 1. The repelling force of the particles of a fluid is but 
small, and, therefore, if a fluid be divided,, it readily uhites 
again. But, if a hard substance, as glass or sealing wax be 
broken, the parts cannot be made to adhere, unless they are 
moistened in one instance, or melted in the other. 

2. Sir Richard Phillips who ascribes attraction to bodies mu- 
tually intercepting the impulse of a universal medium, acting 
through all space, ascribes Repulsion to vortices of eddys inthe 
ciroumambient medium^ produced by those peculiar causes 
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which always accompany high degrees of repulsive action. Th6 
repulsion of electricity he considers as merely relative ; be- 
cause every electrified surface has within a given distance a 
contrary electricity, and light bodies when apparently repelled 
from one surface, are, in truth, but attracted by the other 
surface ; and perhaps all repulsion is produced by a counter- 
attraction. 

Exp. 1 . Water repels most bodies till they are wet. A small 
sewing needle will swim in a basin of water. 

2. Drops of water will roll on the leaves of many vegeta- 
bles without wetting them. 

3. If a ball of light wood be dipped in oil, and put into a 
pan of water, the water will be repelled from the wood, and 
will form a channel round it. 

13. The attraction of Gravitation, or gravity, is the 
name of that force by which distant bodies tend towards 
one another. 

* Obs. 1. All bodies on or near the surface of the earth tend 
towards its centre by a power called the attraction of gravita- 
tion, or according to the writer above mentioned, by intercept" 
ed pressure of an elastic medium, which fills all space, and 
seeks to pervade all matter; and this seems a reasonable 
cause of the phenomenon. Monthly Mag, Oct, 1811. 

2. A stone, or other heavy body let fall, will move towards 
the earth till it meet with some other body to obstruct its 
course. And bodies move in lines perpendicular to the surface, 
because the point to which they ultimately tend is the centre 
of the earth, and the line of direction produce^ coincides with 
the radius, and is at right angles with the surface, which is 
nearly spherical. Some bodies ascend, because they are act- 
ed upon by a force greater than the attraction of gravitation, 
and in a contrary direction. Vapours, smoke, &c. do not de- 
scend, because they are lighter than the air, and supported by 
it. 

3. When we speak of attracting powers, we do not attempt 
to explain their nature or assign their causes. Having de- 
rived general principles or laws of nature, from phenomena, 
we only give a name to these principles, in order to explain 
other appearances by them. 

4. The tendency of all bodies towards .the earth really « re- 
sults from their tendency towards tiie several parts of the 

irthi For, by an experiment made by Dr. Maskelyne upon 
le side of the mountain Schehallien, he found tha attraction 
fthat mountain sufficient to draw the plumb-line sensibly 
om the perpendicular. See Hutton^s Dictionary/. 
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1 4. By gravity, a stone dropped from a height falls 
to the sarface of the earth ; and by it the heavenly bo- 
dies are retained in their orbits. 

15. The planets gravitate towards the sun, and to- 
wards each other, as well as the sun towards them. 

1 6. By gravity all terrestrial bodies tend towards the 
centre of the earth, and in alfplaces equally distant from 
the centre of the earth, the force of gravity is equal. 

Obt, See the Monthly Magazine, May 1, 18 13^ for an account 
of the effects of Pressure of all terrestrial substances on each^ 
other ; the aboye writer observes, that the power of frsssvre 
acts from the surface to the centre of all planets, or indepen- 
dent totalities of matter vecbssarily and without imtsr- 
MISSTON : and is, or has been, the great instrument or hahd- 
MAiD of nature, by which most of its^ varieties of sub- 
stance are, or have been produced. It is synonymous with 
the action or momentum of the weight of bodies in tiieir en** 
deavour to fall to the centre of planetary spheres, and with 
the impulse called by astronomers the principle of gravitation. 
It is evidently one of the primary principles of nature, and 
would drive all atoms of matter into solid and immoveable 
contact, but for another power called repulsion, synonymous 
to elasticity, or expansion, producing varied degrees of densi- 
ty» To press and to resist appear to be the conflicting^ princi- 
ples or ag^encies, to which we may ascribe all the phenomena 
of nature ; and in the deg^e in which pressure overcomes re- 
sistance, or resistance counteracts pressure, heavy and light 
bodies, inert minerals, or active organizations, become the ac- 
cidents, or necessary varieties, of those active powers. To 
PRESS and- to RESIST ai^>ear then to be the active principles of 
all matter, or in oth^ words. Union by gravity^ and Expan- 
sion by heai^ seem to be the great secondary causes of all phe- 
nomena. The Elasticity of a universal medium producing 
action from without and substantial cohpression towards a 
centre ; and the Elasticity of heat producing action from 
within and Expansion from its respective centres, point out 
Elasticity as the generic moving power of Nature. And if 
Elasticity and its synonyme expansion, be a mere result of 
beat, and heat itself be merely a phenomenon of motion^ then 
it would a{^ear that motion itself, is the primary cause of all 
things ! Nor is there any incongruity in referring to the same 
primary cause, the pressure of gravity^ and the expan- 
sion whidi opposes gravity, because the elasticity of the medi- 

o 
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uni of space produeing gravity is univertaU ^^ the elasticity 
producing expansion, is but local and relative.^* 

1 7. The force of gravity is less at the equator than 
it is at the poles, because the equatorial diameter is 
24 miles longer ihsn the polar diameter, and because . 
the swing, or centrifugal force of the earth at the 
equator, diminishes the gravity. 

« 06i. Hence, seconds' pendulums, which in this latitude 
must be 39,2 inches, require to be l-lOth shorter, or but 39,1 
at the equator. 

18. The force of gravity is greatest at the earth's sur- 
face, from whence it decreases upwards and down? 
wards. It decreases upwards as the square of the 
distance from the centre, and downwards simply a* 
the distance. 

Obt. 1, The power of gravitation is greatest at the snr&ce 
of the earth, from whence it decreases both upwards and down- 
wards ; but not in the same proportion. The force of gravity 
upwardsy decreases as the square of the distance from the cen- 
tre. That is, gravity at the snr&ce of the earth, which is 
about 4000 miles from the centre, is four times more powerful 
than it would be at double the distance, or 8000 miles from the 
centre. Gravity and weight may be taken in particular cir- 
cumstances, as synonymous terms. We say a piece of lead 
weighs a pound, or sixteen ounces, but if by any means it could 
be carried 4000 miles above the sur&ce of the earth, it would 
weigh only 1-4 of a pound, or four ounces ; and if it could be 
transported to 8000 miles above the earth, which is three times 
the distance from the centre that the sur&ce is, it would weigh 
only i-9th of a pound, or 8(»nething less than two ounces. 

2. It is demonstrated, that the force of gravity downwards 
decreases, as the distance from the sur&ce increases, so that at 
one half the distance from the centre to the sur&ce, the same 
weight, already deseribed, would weigh only 1-3 a pound, 
and so on. 

Thus, a piece of metal, &c. weighing, on the sur&ce of the 
earth, one pound, will at 

'The centre weigh - - - 
1,000 miles from the centre^ - 1-4 pound. 
2,000 M - « - . 1.2 

at-{ 3,000 » w - - 3-4 

4,000 « li - . 1 

8,000 « « - - 1-4 

12,000 « « . . i-9th 
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And M the distance of the moon from the earth, which is 
240,000 miles, it would weigh only the 3,600th part of a pound, 
because the distance is 60 times further from the centre of 
the earth than the sur&ce. 

QUESTIONS ON THE MECHANICAL AFFECTIONS 

OF MATTER. 

What is meant by atlracHon J? 

How many kinds of attraction are there ? 

What is cohesive attraction? 

What parts of bodies are affected by this kind of attraistion i 

What effect does it have on solid bodies ? 

Define what is meant by capillary aitraeiion ? 

What is the rule in regard to the rise of fluids in capillary 
tubes f 

How may this kind of attraction be illustrated ? 

What effect does the various degree! of cohesive attractioii 
have on bodies ? 

What is the cause of ela$Heiiy in bodies ? 

What is repulsion ? 

Does this force act strongest in solids, or fluids ? 

What simple experiment will show that bodies repel ea^ 
other? 

What is gravity, or the attraction of gravitation 7 

To what point do bodies tend by this attraction ? 

What is the cause of this power ? 

What does the experiment of Dr. Maskeljme prove ? 

Is there any ^difference in the gravity o> Weight of the same 
body at di&rent places, and why ? 

Why is it necessary that seconds' pendulums should be short- 
er at the equator than at the poles f 

Where is the power of gravitation greatest ? 

In what proportion does it vary upwards, or downwards 
from the surface of the earth ? 

What would be the weights a pound of metal here, when 
carried to the distance of the moon ? 



*rHE LAWS OF MOTION. 

1 9. Motion is the continued and successive change of 
place of any body. Nothing can be produced or de- 
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stroyed without motion, and every thiog^that happens 
depends upon it. 

20. Primary Laws of Motion are, 

First, That every body will continue in it9 state of 
rest^ or of uniform motion^ in a right line^ until it is 
compelled by some external force to change its state. 

Secondly, That the change of motion is always pro- 
portional to the moving force by which it is produced^ 
and it is made in the line of direction in which that 
force is impressed. 

Thirdly, Thai action and re-action are always tqual 
4ind contrary. 

21. We are chiefly concerned with two kinds of 
motion. 

1. That by which an entire body is transferred 
from one place to another. 

2. The motion of the parts of bodies among them- 
selves, supposed to be the cause of fluidity and vapour. 

lUus, By the Jirti kind of motion, a heavy body falls to the 
surface of the earth, a carriage moves, and a ship sails. By 
the seeondt plants and animals g^ow, and the compositions and 
decompositions of bodies take place. 

Exp. Take a decanter of clear water, and hold it ih the 
rays of the sun, and you will see that the light particles con- 
tained in it are in perpetual motion. 

2. Let the rays of the sun pass through a small hole in a 
window shutter, and you will observe the particles floating in 
the atmosphere are in constant motion, of whose existence 
you were not before aware. 

22. Several things require notice with regard to 
motion : 

1 . The force which impresses the motion. 

2. The quantity of matter in the moving body. 

3. The velocity and direction of motion. 

4. The space passed over in the moving body. 

6. The time employed in going over this space. And 
6. The force with which it strikes another body 
^hat may be opposed to it. 
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23. Every body, by its inertness, resists all change 
of state ; therefore, to put a body in motion, there 
must be sufficient cause. 

Obs, Any body ftt rest on the surface of the Earth wiU al- 
ways continue so, if no external force be impressed upon it to 
giye it motion, and if the obstacle which hinders the attraetion 
of g^ravitation from carrying^ it towiurds the centre be nci re- 
moved. A body being; put into motion by some external im- 
pulse, if all external obstructions were removed, and the at- 
traction of g;ravitation suspended, would move on for ever in 
a rig;ht line ; for there would be no cause to diminish the mo- 
tion, or to alter its direction. This cannot be fully established 
by experiment, because it is impossible entirely to remove a^ 
obstructions ; but, since the less obstruction remains, the longer 
motion continues, it may be reasonably inferred, that if all ob- 
stacles could be removed, motion once communicated to any 
body, would never cease. 

Jlhu. 1. It is plain that a mass of matter, as a stone, cannot 
put itself in motion ; it therefore would have for ever remain- 
ed at rest, unless acted on by some power. 

2. When a cannon ball is first discharged, it may be said to 
move- in a straight line ; and it is plain, tibat this would always 
be its direction, unless some power turned its course. It is 
also as evident, that it would always continue its motion fcnr- 
ward, did not the friction of the air, or its own gravity, or 
some other cause so impede its motion, as to bring it to the 
ground. 

S4. The causes of motion are called motive pow- 
ers, and are called muscular or mechanical : as the 
action of men and other animals, the force of wind, 
watej-, gravity, the pressure of the atmosphere, or 
any elastic medium, and steam. 

^5. The change of motion produced in any body> 
is proportional to the force impressed, and in the di* 
reckon of that force. 

Obs. E&ets are proportional to their adequate causes. lA 
therefore, a given force will produce a given motion, a double 
force will produce the double of that motion.' If a new force 
l>e impressed upon a body in motion, in the direction in which 
it moves, its motion will be increased proportionable to the new 
force impressed: if this force acts in a direction contrary to 
that IB which the body moves, it ¥rill lose a proportional part of 
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Hs motioa ; if the direction of this foroe be obUqae to the di- 
rection of the moving body, it will give it a new direction. 

26. To every action of one body upon another, 
there is an equal contrary re-action ; or mutual ac- 
tions of bodies on each other are equal and in contira- 
ry directions, and are always to be estimated in the 
same right line. 

Obs, Whatever quantity of motion any body communieateft 
to another, or whatever deg;rees of resistance it takes away 
from it, the acting body receives the same quantity of motion, 
or loses the same degree of resistance, in the contrary direc- 
tion : the resistance of the body acted upon producing the 
fame effect upon the acting body, as would have been produc- 
ed by an active force equal to, and in the direction of, that 
resistance. Henca it appears, that one body acting upon an- 
other, loses as much motion as it communicates ; and that the 
sum of the moti(»is of any two bodies in the same line of direc- 
tion, cannot be changed by their mutual action. 

27. The velocity of motion is estimated by the tipie 

employed in moving over a certain space, or by the 

space passed over in a certain time. The less the 

time, and the greater the space moved over in that 

time, the greater is the velocity. 

lUut, 1. To atcertain the degree of ttthteity^ the space run 
Over must be divided by the time. 

2. 7b measure the t^ace run overt the velocity must bemtUti^ 
plied by the time ; for it is evident, that if either the velocity^ 
or the time be increased, the space run over will likewise be- 
i^eased. 

3. If the velocity be doubled, then ifaie body will move over 
twice the space in the same time : if the time be twice as great, 
then the space will be doubled : but if the velocity and time 
be both doubled, then will the space be four times as great.. . 

Exam. 1. If a ship sail at the rate of 12 miles in an hour, 
or sixty minutes, then the velocity is equal to one mile in five; 
minutes. 

2. If two persons set out together on a journey, and one walks 
two miles and a half, and the other walks ^ve miles, an hour, 
the velocity of the latter, will be double that of the former. 

28. A body in motion must every instant tend to some 
'^'^^^icular point. In which case the motion will be in a 

t Ime, or it may be cootiouttlly changing the jpoiat 
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to which iU motion is directed f and this will produce 
a curvilinear, or circular motion. 

29. If a body is acted upon only by one force, or by 
several forces in the same direction, it§ motion will be 
in the same direction in which the moving force acts. 

Exam. The motion of a boat, whieh a man at a given place 
draws to him with a rope, is of this kind. 

30. Equable motion is either simple or compound. 
Simple motion is that which is produced by the action, 
or impressed force, of one cause. Compound motion is 
that which is produced by two or more conspiring 
powers, i. e by powers whose directions are neither 
opposite nor co-incident. 

3 1 . If two or more forces, differently directed, act 
upon the same body at the same time, as it cannot obey 
them all, it will move in a direction somewhere be- 
tween them. This is called tht composition and re- 
solution of motion. 

Illus, Suppose a body a to be acted upon 
, by another body in the direction a 6, while 
at the same time it is impeUed in the direc- 
tion a c, then it will move in the direction a d. 

If the lines a 6, and a <?, be made in propqr> 

^g tion to the forces and the lines e d^ and d b, 

he drawn parallel to them, so as to complete the parallelo- 
gram, t!hen the line which the body a wiU describe, will be in 
the diagonal a </, and the length of this line will represent the 
force with which the body will move. 

Exam. 1. There are many instances in nature, of motion pro* 
daced by several powers actings at the same time. A ship driv* 
en by the wind and tide is one : so also is a paper kite, acted 
upon by the wind in one direction, and by the string in another. 
2. A ball fired from a cannon is acted upon by two forces, 
the one is that occasioned by the powder, the other is the 
force of gravity. 

32. The force, or power of overcoming resistance, 
m any moving body, is as its momentum, pr quantity of 
motion. 

Obs. Since a body having a certain degree of motion is able 
to overcome a certain degree of resistance, it is manifest, that 
with an increised momentum, it will be able to overcome a 
greater resiitanee. Hence tlie momentom of any body is 
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S3. In moving bodies, if the quantities of matter 

be equal, the momenta^ or quantity of motion, will be 

as the velocities. 

Obi, If the boifty A be equal to the body B,bat Abas twice 
the velocity of B, A has twice as much motion as B. 

34. The velocity of two bodies being equal, their 
momenta will be as their quantity of matter. 

Obs. If the bodies a and 6, fig. 1. move with equal veloci- 
ties, since every portion of matter in a has as much motion as 
pxL equal portion of 6, it is evident, that if a has twice the quan- 
tity of matter of 6, it must have twice as much motion. 

35. The momenta of moving bodies, are in the com- 
pound ratio of their quantities of matter and velocities^ 

Obs. The ^eater quantity of matter there is in any body, 
and the greater velocity it moves with, the greater vnii evi- 
dently be its quantity of motion, and the reverse. If, for ex- 
ample, the body A be double of the body B and moves with 
twice its velocity, the momentum of A will be qiladruple of 
that of B : for it will have twice the momentum of B from its 
double quantity, and also twice the momentum of B from its 
double quantity of matter. Hence, if in two bodies, the pro- 
duct of the quantities of matter and velocities are equal, their 
momenta are equal, or as the products. 

QUESTIONS ON THE LAWS OF MOTION. 

What is motion ? 

What are the primary laws of motion ? 

What are the several things to be noticed in regard to mo- 
^? 

What are the causes of motion? 

How do moving bodies gain a new direction ? 

What is meant by reaetion ? 

How is the vtlocHy of motion estimated ? 

What is the rule for ascertaining the degree of velocity * . 

What IS the rule for measuring &e space run ov^r ? 

What is understood by simple and eonqtound motion ? 

What is understood by the composition and resoluUion of 
motion? 

How is this idnd of motion illustrated ? 

What proportion is there between the force or power of a 
moving body, and its momentum? 

Illustrate thi&Isw. 
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What proportion do the momenta of moWng bodies t)Mr to 
their velocities? 
Illastrate the law. 
When are the momenta of moving; bodies equal ? 

OF ACCELERATED MOTION. 

36 . Accelerated motion is that in whlc h the velocity 
ift continually increasing from the continued action of 
the niotive power. Uniformly accelerated motion, is 
that in which the velocity increases equally in equal 
times. 

IUu8, 1. The increasing velocity with which a body falls 
to the earth, is an instance of accelerated motion, which is 
caused by the constant action of g^ravity. 

2. A cannon ball is acted on by a singula impalse of the pow- 
der and the accelerating force of gravity, it therefore de- 
scribes a curve. This is the foundation of the art of gannery. 

37. A new impression heing made upon a falling 
body, at every instant, by a continued action of gravi- 
ty, and the effect of the former still remaining, the 
velocity continually increases. 

lUus. Suppose a single impulse of gravitation, in one instant, 
to givea falliog body one degree of velocity ; if after this the 
force of graritation were entirely suspended, the body woQld 
continue to move with that degree ofvelocity, without being 
accelerated or retarded. But, beciiuse the attraction of gra- 
vitation continues, it produces as great a velocity in the se- 
cond instant, as in the first; which being added to the first, 
makes the velocity in the second instant, double of what it was 
in the first. In like manner, in the third instant, it will be. 
tripled ; quadrupled in the fourth ; aad i!i every instant one 
degree of velocity will be added to that which the body had 
before ; that is, the motion will ^e uniformly accelerated. 

38. Motion is said to be retarded^ if its velocity 
continually decreases ; and to be uniformly retarded^ 
if its velocity decreases equally in equal times. 

Obi. The student who has not learnt 'some Algebra and 
Geometry, may go to Article 40 without disadvantage. 

39. The velocities of falling hodies, are in propor- 
tion to the spaces run over, and the spaces passed 
over in each instant, increase as the odd numbers 1 ^ 
35,6, 7, 9, &c. 
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Ilhti. The space deseribedby a body 
fiiUiog firom a %. 2, in the time express- 
ed by a 6, with a uniformly accelerated 
velocity, represented by the lines d e, on 
which the last degree is expressed by b 
«, will be represented by tiie area of 
the triangle a be. If gravity ceased to 
aet, the space passed over in the next 
portion of time bf, would be measured 
... by bft multiplied into the velocity b e^ 

that is by the rectangle begf, which is equal to twice the 
triangle a be. But if gravi^ still acts, then tiie triangle egh 
must be added ; of course, the body moves over three times 
the space in tiie second instant that it did in tiie first. The 
next portion of time it would move over five times the space 
represented by the two rectangles and triangle ; and in the 
fourth portion of time, seVen times; and so on in arithmetic 
.oal progression. 

It follows, that ihe tohoU space described, is as ;the square 
of the time ; that is, in twice the time, it will fell through four 
times the space ; in thrice the time, nine times the space, &c- 

K I 

lUut, The time of a descent of a 
falling bbdy being represented by 
any portion A B of the base of a tri- 
angle, the velocity will be propor- 
tional to B C, which is equal to A 
B, and the space described during 
the time D£, supposed infinitely 
short, will be proportional to the 
area D £ F G, which is expressed 
by the product B C, and D £, conse- 
H quenUy tiie whole area A £ F, will 
represent the space described in the time A £ and A £ I, the 
space described in the time A H ; but A H I is half of the 
square H K, and A £ F of £ L ; the space is therefore al- 
ways as the square of the time and is equal to half the space 
which would be described in the same time with the final ve- 
locity. 

Obt. All bodies descending in vacuo, are found to fell 

through 16.1 feet in one second, and to acquire a velocity in 

felling which would carry them uniformly through 32.2 feet 

in the next second, and an increase of velocity, equal to this, 

'bund to be added to every succeeding second of time*. 
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^, In the first instant there is one space ran through ; at 
the end of the second^ there are four ; at the end of the third, 
nine; and so on. 

40. It has been found by experiment, that a body 
falling from a height, moves at the rate of about 16 
feet in the first second of time ; in the next 48, in 
the third 80, in the fourth 112 feet, and so on. 

Exam, The space will therefore be 16 in thejirti second ; 
16-|-48, or 64equal to 16X4 : 4 being the square of 2, in the 
second second ; 16-|-48-|>80,or 144 equal to 16X9 : 9 being 
the square of 3, in the third second : 16- 1 -48- 1 -80- 1 -1 12, or 
256 equal to 16X16; 16 being the square of 4, in me fourth 
second. And so on, because 4, 9, 16, &c. are the squares of 
2, 3, 4, &c. 

41 . The force with which a body moves, or which 
it exerts upon another body, is always in proportion to 
its velocity multiplied by its weight, and this force is 
called the momentum of the body. 

lUus, If two equal bodies move with different velocities, 
their forces or momenta are in proportion to their velocities. 

Exp. 1. If two equal cannon-b^ be projected by differ- 
ent quantities of powder, so that the velocity of the one is 
double that of the other, then the force or momentum of th^^ 
former will be double that of the other. 

2. If two stones, one of two pounds, and the other of six 
pounds be hurled with equal velocities, the force or momen- 
tum of the latter will be three times greater than that of the 
former. 

■Corol. In all cases, the momenta of bodies must be as the 
quantities of matter multiplied into the velocities. 

QUESTIONS ON ACCELERATED MOTIOlJf . 

What is accelerated motion ? 

What is meant by uniformly accelerated motion ? 

What causes acceleration of motion ? 

Why does a ball shot out of a cannon describe a curve ? 

When is motion said to be retarded ? 

Demonstrate the laws of falling bodies by a diagram. 

What laws do felling bo^es observe in a vacuum ? 

At what rate are the velocities of falling bodies increased f 

What is the rule for estimating the force of a moviog body f 

Blostrate this rule. 
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uni of space produeing^ gravity is imivertaly and the elaaticiiy 
producing expansion, is but local and relative. ' ' 

1 7. The force of gravity is less at the equator than 
it is at the poles, because the equatorial diameter is 
24 miles longer tiian the polar diameter, and because 
the swing, or centrifugal force of the earth at the 
equator, diminishes the gravity. 

« Obs, Hence, seconds' penduloms, which in this latitude 
must be 39,2 inches, require to be l-lOth shorter, or but 39,1 
at the equator. 

18. The force of gravity is greatest at the earth's sur- 
face, from whence it decreases upwards and dowDr- 
wards. It decreases upwards as the square of the 
distance from the centre, and downwards simply a» 
the distance. 

Obt, 1, The power of gravitation is greatest at the sur&ce 
of the earth, from whence it decreases both upwards and down- 
wards ; but not in the same proportion. The force of gravity 
upwards^ decreases as the square of the distance from the cen- 
tre. That is, gravity at the snr&ce of the earth, which is 
about 4000 miles from the centre, is four times more power^ 
than it would be at double the distance, or 8000 miles from the 
centre. Gravity and weight may be taken in particular cir- 
cumstances, as synonymous terms. We say a piece of lead 
weighs a pound, or sixteen ounces, but if by any means it could 
be carried 4000 miles above the mr&ce of the earth, it would 
weigh only 1-4 of a pound, or four ounces ; and if it could be 
traxisported to 8000 miles above the earth, which is three times 
the distance from the centre that the surftice is, it would weigh 
only i-9th of a pound, or something less than two ounces. 

2. It is demonstrated, that the foree of gravity downwards 
decreases, as the distance from the surfiice increases, so that at 
one half the distance from the centre to the sur&oe, the same 
weight, already described, would weigh only U% a pound, 
and so on. 

Thus, a piece of metal, &c. weighii^, on the surface of the 
earth, one pound, will at 

f The centre weigh ... 

1,000 miles from the centre^ • 1-4 pound. 
2,000 « - « . . l.g 

at-{ 3,000 « w - - 3-4 

4,000 « « - . 1 

8,000 « ** . . 1^ 

12,000 « « . . i-^k 
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And «t the distance of the moon from the earth, "which ii 
240,000 miles, it would weigh only the 3,600th part of a pound, 
because the distance is 60 times further from the centre of 
the earth than the surface. 

QUESTIONS ON THE MECHANICAL AFFECTIONS 

OF MATTER. 

What is meant by attraction ? 

How many kinds of attraction are there ? 

What is cohesive attraction ? 

What parts of bodies are affected by this kind of attraction? 

What effect does it have on solid bddies i 

Define what is meant by capiilary attraction ? 

What is the rule in regard to the rise of fluids in capillary 
tubes? 

How may this kind of attraction be illustrated f 

What effect does the yarious degreeB of cohesive attraction 
have on bodies ? 

What is the catise of eUutieity in bodies ? 

What is repjdtion? 

Does this force act strcngest in solids, or fluids ? 

What simple experiment will show that bodies repel eadi 
other? 

What is gravity^ or the aiiraetion of gravitation 7 

To what point do bodies tend by this attraction ? 

What is tibe cause of this power ? 

What does the experiment of Dr. Maskelyne prove ? 

Is there any difference in the gravity 6r weight of the same 
body at different places, and why? 

Why is it necessary that seco^' pendulums should be short- 
er at the equator than at the poles? 

Where is the power of gravitation greatest ? 

In what proportion does it vary upwards, or downwards 
from the surftce of the earth ? 

What would be ttie weight of a pound of metal here, when 
carried to the distance of the moon ? 
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1 9. Motion is the continiied and successive change of 
place of any body. Nothing can be produced or de- 
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any given time ; for this number is as the velocity with which 
the body moves. 

46. The centripetal forces of equal bodies revolv- 
ing in eqaal circular orbits, are inversely as the 
squares of their periodical times. 

Obs, The circular orbits or spaces being; equal, the times 
in which these are described, or the periodical times^ are in- 
versely as the velocities ; and therefore, the squares of the 
periodical times are inversely as the squares of the velocities, 
or the squares of the velocities are inversely as the squares 
of the periodical times ; but the centripetal forces are as the 
squaresof the velocities; therefore, these forces are inverse* 
ly as the squares of the periodical times. 

47. The centripetal forces of equal bodies, re- 
volving in unequal circular orbits, if the periodical 
times are equal, are as the radii of the circles. 

48. The centripetal forces of equal bodies, re- 
volving in circular orbits, are as the radii of the orbits, 
or distances, directly, and as the squares of the peri- 
odical times inversely. 

Illus. If the periodical times are equal, and the radii une- 
qual, the force is as the radii. If the radii are equal, and the 
periodical times unequal, the forces are inversely as the 
squares of the periodical times. Therefore, if both the radii 
and periodical times are unequal, the forces will be in the 
compound ratio of both, or as the radii directly, and tho 
squares of the periodical times inver9ely. 
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49. The centre of gravity of a body, is that point, 
about which all its parts do in any situation exactly ba- 
lance each other, so that if a body be suspended or 
supported by the centre of gravity, it will rest in any 
position. 

50. Whatever supports the centre of gravity bears 
the weight of the whole body ; therefore, the whole 

eight of a body may be considered as balanced in this 
3int. 



OP THE CENTRE OF GRAVITY. 



27 




51. The common centre of gravity of two or more 
bodies, is the point upon which they would rest in 
any position. 

nitu. If the centres of gravity of two bodies, 
AB. %.3. be connected with the right line AB, 
the distances AC, and BC, from Sie common 
centre of gravity, C, are inversely as the weight of the bodies 
A and 6 ; that is, the point of C will be as much nearer to A 
than to B, as A is heavier than B ; that is AC : BC : : B : A. 
Exp, Suppose A to be a ball •of 12 pounds, and B to weigh 
only 4 pounds, and the length of AC to be five inches : then 
BC will be 15 inches : for it will be 5 : BC :: 4 : 12, or 4 X 
BC=s5Xl2»60, and BC»20-4=15. 

52. The centre of motion is the point about which 
the body moves ; and a heavy body suspended on a 
centre of motion will be at rest, if the centre of gra- 
vity is directly under, or above, the centre of motion. 

Jlhu. If a heavy body £, fig. II. 
hangs by a string on a centre of mo- 
tion C, the action of gravitation at E 
is in the direction EL, contrary to the 
direction in which the string acts to 
' pre vent the body from falling. In this 
position, therefore, the opposite for- 
ces being equal in contrary direc- 
tions, destroy each other, and the 
body is at rest. B ut if the body is at p, 
one of the forces acts in the direction 

pC : and the other in the direction 

pL, ihat is, in direction oblique to each other, whence the body 
will move in the diagonal of the parallelogram formed by pC, 
ph. And in all cases, since (without the aid of mechanical 
powers afterwards explained) the force which sustains any 
body must be equal to its weight, the centre of gravity can 
only be at rest when these forces are in the same line of di- 
rection, that is, when the centre of gravity is directly under, 
or directly above the centre of motion. 

53. If a line be drawn perpendicular to the horizon, 
from the centre of gravity of a body, it is called the line 
of direction^ because it is the line which the centre of 
gravity would describe if the body were suffered to faJ' 
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its motion ; if the directioD of this force be obliqae to the di- 
rection of the moving; body, it will give it a new direction. 

26. To every action of one body upon another, 
there is an equal contrary redaction ; or mutual ac- 
tions of bodies on each other are equal and in contira- 

, ry directions, and are always to be estimated in the 

same right line. 

Obs, Whatever quantity of motion any body communicated 
to another, or whatever deg^rees of resistance it takes away 
from it, the acting body receives the same quantity of motion, 
or loses the same degree of resistance, in the contrary direc- 
tion : the resistance of the body acted upon producing the 
same effect upon the acting body, as would have been produc- 
ed by an active force equal to, and in tiie direction of, that 
resistance. Henca it appears, that one body acting upon an- 
other, loses as much motion as it communicates ; and that the 
sum of the motions of any two bodies in the same line of direc- 
tion, cannot be changed by their mutual action. 

27. The velocity ofmotioo is estimated by the tipie 
employed in moving over a certain space, or by the 
space passed over in a certain time. The less the 
time, and the greater the space moved over in that 
time, the greater is the velocity. 

lUut, 1. To ascertain the degree of neZoci/^, the space run 
trvet must be divided by the time. 

2. To measure the space run over, the velocity must htmuUi-^ 
plied htf the time ; for it is evident, that if either the velocity^ 
or the time be increased, the space run over will likewise be^ 
i^reased. 

3. If the velocity be doubled, then the body wiU move over 
twice the space in the same time : if the time be twice as great, 
then the space will be doubled : but if the velocity and time 
be bo<h doubled, then will the space be four times as great.. . 

Exam. 1. If a ship sail at the rate of 12 miles in an hoar, 
or sixty minutes, then the velocity is equal to one mile in fivc^ 
minutes. 

2. If two persons set out together on a journey, and one walks 
two miles and a half, and the other walks five miles, an hour, 
the velocity of the latter, will be double that of the former. 

28. A body in motion must every instant tend to some 
v^articular point. In which case the motion will be in a 

9;ht line, or it may be contioually changing the f oiat 
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to whk^h its motion is directed ; and Hm will produce 
a currilinear, or circular motion. 

29. If a body is acted upon only by one force, or by 
several forces in the same direction, it§ motion will be 
in the same direction in which the moring force acts. 

Exam. The motion of a boat, whieh a man at a given place 
draws to him with a rope, is of this kind. 

30. Equable motion is either simple or compound. 
Simple motion is that which is produced by the action, 
or impressed force, of one cause. Compound motion is 
that which is produced by two or more conspiring 
powers, i. e by powers whose directions are neither 
opposite nor co-incident. 

31. If two or more forces, differently directed, act 
upon the same body at the same time, as it cannot obey 
them all, it will move in a direction somewhere be- 
tween them. This is called thei composition and re- 

solution of motion. 

Jllus, Suppose a body a to be acted upoo 
by another body in the direction a 6, while 
at the same time it is impelled in the direc- 
tion a c, then it will move in the direction a d. 
If the lines a 6, and a c, be made in propqr- 
^S tion to the forces and the lines e <f, and d 6, 

be drawn parallel to them, so as to complete the parallelo- 
^am, tlien the line which the body a will describe, will be in 
the diagonal a </, and the length of this line wiU represent the 
ferce with which the body will move. 

Excan. 1. There are many instances in nature, of motion pro- 
duced by several powers acting at the same time. A ship driv- 
en by the wind and tide is one : so also is a paper kite, acted 
upon by the wind in one direction, and by the string in another. 
2. A ball fired from a cannon is acted upon by two forces, 
the one is that occasioned by the powder, the other is the 
ibrce of gravity. 

32. The force, or power of overcoming resistance, 
m any moving body, is as its momentum, pr quantity of 
motion. 

Obs. Since a body having a certain degree of motion is able 
to overcome a certain degree of resistance, it is manifest, that 
with an increased momentum, it will be able to overcome < 
greater resistance. Hence the momentum of any body i 
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S3* In moving bodies, if the quantities of matter 
be equal, the momenta, or quantity of motion, will be 
as the velocities. 

Obs, If the boily A be eqaal to the body B,bat Abas twice 
the Telocity of B, A has twice as much motion as B. 

34. The velocity of two bodies being equal, their 
momenta will be as their quantity of matter. 

Obs, If the bodies a and 6, fig. 1. move with equal yeloci* 
ties, since every portion of matter in a has as much motion as 
an equal portion of 6, it is evident, that if a has twice the quan- 
tity of matter of 6, it must have twice as much motion. 

35. The momenta of moving bodies, are in the com- 
pound ratio of their quantities of matter and velocities.^ 

Obs. The g;reater quantity of matter there is in any body, 
and the greater velocity it moves with, the greater ^nU evi- 
dently be its quantity of motion, and the reverse. If, for ex- 
ample, the body A be double of the body B and moves with 
twice its velocity, the momentum of A will be qiladruple of 
that of B : for it will have twice the momentum of B from its 
double quantity, and also twice the momentum of B from its 
double quantity of matter. Hence, if in two bodies, the pro- 
duct of the quantities of inatter and velocities are equal, tiieir- 
momenta are equal, or as the products. 

QUESTIONS ON THE LAWS OF MOTION. 

What is motion ? 

What are the primary laws of motion f 

What are the several things to be noticed in regard to mo- 

What are the causes of motion ? 
How do moving bodies gain a new direction? 
What is meant by reaction ? 
How is the velocity of motion estimated ? 
What is the rule for ascertaining the degree of velocity * . 
What is the rule for measuring Uie space run ovdr? 
What is understood by simple and eonytound motion f 
What is understood by the composition and resolution of 
motioii? 

How is this ^d of motion illnstrated ? 
What proportion is there between the force or power of a 
loving body, and its momentum f 
llltt8tratethi&Isw. 
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What proportion do the numienia of moying bodlei l^ev to 
their velocities f 
Illastrate the law. 
When are the momenta of moving bodies equal ? 

OF ACCELERATED MOTION. 

36. Accelerated motion is that in whic h the velocit j 
ift continually increasing from the continued action of 
the motive power. Uniformly accelerated motion, is 
that in which the velocity increases equally in equal 
times. 

lUics. 1. The increasing velocity with which a body falls 
to the earth, is an instance of accelerated motion, which is 
cansed by the constant action of gravity. 

2. A cannon ball is acted on by a single impulse of the pow- 
der and the accelerating force of gravity, it therefore de* 
scribes a curve. This is the foundation of the art of gunnery. 

37. A new impression being made upon a falling 
body, at every instant, by a continued action of gravi- 
ty, and the effect of the former stiU remaining, the 

velocity continually increases. 

Ilius. Suppose a single impulse of gravitation, in one instant, 
to give a falliog body one degree of velocity ; if after this the 
force of gravitation were entirely suspended, the body woQld 
continue to move with that degree ofvelocity, without being 
accelerated or retarded. But, because the attraction of gra- 
vitation continues, it produces as great a velocity in the se- 
cond instant, as in the first; which being added to the first, 
makes the velocity in the second instant, double of what it was 
in the first. In like manner, in the third instant, it will be 
tripled ; quadruple^ in the fourth ; aid in every instant one 
degree of velocity will be added to that which the body had 
before ; that is, the motion will4)e uniformly accelerated. 

38. Motion is said to be retarded, if its velocity 
continually decreases ; and to be uniformly retarded, 
if its velocity decreases equally in equal times. 

Obi. The student who has not learnt some Algebra and 
Geometry, may go to Article 40 without disadvantage. 

39. The velocities of falling bodies, are in propor- 
tion to the spaces run over, and the spaces passed 
over in each instant, increase as the odd numbers ^ 
Syb, 7, 9, &c. 
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lUta. The space describedby a body 
iaUiov firom a %. 2, in the time express- 
ed by a 6, With a uniformly aoceler&ted 
Telocity, represented by the lines d e, on 
which the last degree is expressed by b 
e, will be represented by the area of 
the triangle a be. If gravity ceased to 
act, the space passed over in the next 
portion of time 6/, would be measured 
._ _ by 6/, multiplied into the velocity b e^ 

that is by the rectangle begf, which is equal to twice the 
tiiangle a6e. But if gravity still acts, then the triangle egh 
must be added ; of course, the body moves over three times 
the space in the second instant that it did in the first. The 
next portion of time it would move over five times the space 
represented by the two rectangles and triangle ; and in the 
fourth portion of time, seVen times; and so on in aritfameti- 
isal progression. 

It follows, that jthe toKoU space described, is as ,the square 
of the time ; that is, in twice the time, it will fall through four 
times the space ; in thrice the time, nine times the space, &c. 

K I 

JUtu, The time of a descent of a 
falling bbdy being represented by 
any portion A B of the base of a tri- 
angle, the velocity will be propor- 
tional to B C, which is equal to A 
B, and the space described during 
the time D £, supposed infinitely 
short, will be proportionid to the 
area D £ F G, which is expressed 
by the product B C, and D E, conse- 
H quently the whole area A £ F, will 
represent the space described in the time A E and A £ I, the 
space described in the time A H ; but A H I is half of the 
square H K, and A £ F of £ L ; the space is therefore al- 
ways as the square of the time and is equal to half the space 
which would be described in the same time with the final ve- 
locity. 

Obs, All bodies descending in vacuo, are found to fiUl 

through 16. t feet in one second, and to acquire a velocity in 

felling which would carry them uniformly through 32.2 feet 

the next second, and an increase of velocity, equal to this, 

'tund to be added to every succeeding second of time» 
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S. In the first instant there is one space run through ; at 
the end of the secatnd^ there are four ; &t the end of the third, 
nine ; and so on. 

40. It has been found by experiment, that a body 
falling from a height, moves at the rate of about 16 
feet in the first second of time ; in the next 4S, in 
the third 80, in the fourth 112 feet, and so on. 

Exam. The space will therefore be 16 in the^r«l second ; 
16-1-48, or 64 equal to 16X4 : 4 being the square of 2, in the 
second second ; 16-|-48-|-80,or 144 equal to 16X9 : 9 being 
the square of 3, in the third second : 16- 1 -48- ] -80- { -1 1 2, or 
256 equal to 16X16; 16 being the square of 4, in me fourth 
second. And so on, because 4, 9, 16, &c. are the squares of 
2, 3, 4, &c. 

41. The force with which a body moves, or which 
it exerts upon another body, is always in proportion to 
its velocity multiplied by its weight, and this force is 
called the rnomentum of the body. 

lUtu, If two equal bodies move with different velocities, 
their forces or momenta are in proportion to their velocities. 

Expn\' If two equal cannon-bcdls be projected by differ- 
ent quantities of powder, so that the velocity of the one is 
double that of the others then the force or momentum of th^^ 
former will be double that of the other. 

2. If two stones, one of two pounds, and the other of six 
pounds be hurled with equal velocities, the force or momen- 
tum of the latter will be three times greater than that of the 
former. 

■Corol. In all cases, the momenta of bodies must be as the 
quantities of matter multiplied into the velocities. 

QUESTIONS ON ACCELERATED MOTION. 

What is aeeelerated motion ? 

What is meant by uniformly accelerated motion P 

What causes acceleration of motion? 

Why does a ball shot out of a cannon describe a curve ? 

When is motion said to be retarded ? 

Demonstrate the laws of falling bodies by a diagram. 

What laws do falling bo^es observe in a vacuum ? 

At what rate are the velocities of falling bodies increased ? 

What is the rule for estimating the force of a moving body ? 

Blnstrate this rule. 
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67. There are three kinds of levers, distiDgaished 
according to the different positions of the fulcrum and 
the moving power with respect to each other. 

68. In all kinds of continuous levers, the power, is to 
the resistance, as the distance of the resistance from 
the fulcrum is to that of the power from the fulcrum. 

69. A lever of the^rsi kind, is when the fulcrum 
is placed between the weight and the moving power, 
as in fig. 5. 

Exam. If it be required to raise 
the stone a, which weig^hs 1,000 
pounds, by the strength of a man 
iZ equal to 100 pounds weight ; ale ver 
^y which rests on the prop 6, is 
l^placed with one end under the stone 
and the man presses it down at the 
other end c. As the man's strength is only equal to the tenth 
part of the weight of the stone, the arm of the lever 6c, must 
be ten times as long as the arm 6c, in order that the power 
and weight might balance each ether. 

- f ■ . t 

lUus, 1. A balance is a lever of the first kind, with equal 
arms, see fig. 6. 

2. A steel yardy fig, 7, is also the first kind of lever with a 
moveable weight. 

3. A poker^ in the act or stirring the fire, is a lever of this 
kind : the bar of the grate upon which it rests is the fulcrUm ; 
the coals, the weight to be overcome ; and the hand is the 
power. 

Obs. 1. To this kind of lever, may be referred, scissors, 
pincers, snuffers. Sec. which are made of two levers, actin* 
contrary to each other. The fulcrum in these cases, is the 
pin which keeps them to^jether. 

2. The lever of the first kind is chiefly used for loosening 
large stones ; or to raise great weights to small heights, in or- 
der to get the ropes under them. 
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70. The second kind of lever ^ is when the fulcrum 

is at one end, the power at the other, and the weight 

between them. 

Obs, 1. See fig;. 8, where a is the fulcrum, b the weight, 
aod c the power. 

2. The advantage grained by this lever is as great, as the dis- 
tance of the power from the fulcrum exceeds the distance of 
the weight from it ; thus if the hand at c be nine times as far 
from A as the point X on which the weight acts, then the force . 
of one pound at c, will balance the weight b of nino pounds. 

IlliLS. 1. This kind of lever ex- 
plains why two men carrying a 
burthen, as a cask, upon a pole, 
may bear unequal shares,accord- 
ing to the strength, by placing it 
nearer to the one than the other ; 
see fig. 9. Here the weight w, is 
twice nearer to a than 6; of course, a would bear twice as 
much weight as b. 

2. This is applicable to the case of two horses of unequal 
strength, where the beam may be so divided, that the horses 
shall draw up in proportion to their respective ability. 

3. To this kind of lever may be referred oars, rujlders of 
ships, doors turning on hinges, and cutting knives which are 
fixed at one end. 

71 . A lever of the third kind is when the prop is at 

one end, the weight at the other, and t^e power applied 

between them. Here the power must exceed the 

weight in the same proportion, as the distance of the 

weight from the prop, exceeds the distance of the 

power. 

'^Ijg^ lUut. 1 , Let/ fig, I0,be the prop or 

^|h& ^^ fulcrum, p the power, and w the 
J^^Jfc weight ; if the distance pf be only 
J|^ ^-j i- three inches,and i^ be twelve, then 

^^ ^ for the hand j9 to balance the weight 

of 20 lbs. will require a force of four times 20, or 80 lbs. be- 
cause the weight is at four times the distance from the ful- 
crum that the power is. 

Exp, 1 . A ladder, which is to be raised by the strength of a 
man'sarmsjrepresentsalever of this kind,where the fulcrum is 
that end which is fixed against the wall, or upon which another 
m:in stands ; the weight may be considered as at the top part o 
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the ladder, and the power is the strength applied to the rear- 
ing of it 

2. The wheels in clock and watch work, may be reckon- 
ed levers of this kind, because the power that moves them 
acts near the centre of motion, by a pinion, and the resistance 
it has to overcome, acts against the teeth at the circum/er- 
tnee, 

3. The bones of a man's arm, and the greatest number of 
4he moveable bones of animals, are levers of the third kind. 

To take the arm, fig. 11 , as an in- 
stance— d the elbow, is the centre of 
motion, the power, is the motion in- 
serted at c, al out one tenth part as 
far below the elbow as the hand is, 
and a is the weight to be raised ; the 
muscles must accordingly exert a 

power equal to one hundred pounds to raise a weight of ten 

pounds. 

Corol. Hence, in natural levers, the power is disadvanta- 

geously situated, owing to the power being so near the centre 

of mi-ttion, but the loss of power is compensated by the beauty 

and compactness of the limb. 

69. A hammer 'lever differs only in its form from a 
lever of the first kind. 

Illus. Let a f 6, fig. 12, represent a lever of 
this kind, bended at f , which is the fulcrum. 
p is the power acting upon the longer arm a c, 
by means of the cord a d going over the pulley 
d ; and the weight w acts upon the shorter 
arm c 6, of the lever. As a r is five times as 
long as c 6, a weight of five pounds at p, will 
[^ balance 25 pounds at w, 

i^xp. If the shafl of a hammer is six times as 
long as the iron part that draws the nail, the 
lower part c resting on the board w as a fulcrum, then, by 
pulling at a, a man will draw a nail with one-sixth part of the 
power that he must use to pull it out with a pair of pincers ; i 
in the latter case, the nail would move as fast as the hand, but 
in the former, the hand would move orer six times as much 
space as the nail during the ^ime of drawing it out of the 
^oe4. 
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OF THE WHEEL AND AXIS, 

73. Thea>Ae«'ant2axij,though made ia many forms, 
consists of a cylinder, and a wheel fastened to it, {Jiff, 
13,) orofacjlinderwithprojectingspakes,(^g-. 14.) 

74. The advantage gained is in proportion as the 
circumference of the wheel i» greater than that of 
the axis ; or as the diameter of the wheel is greater 
than the diameter of the aiis. 

/i/iu. irtiie diameter ofthe wheel, 
L fig.l3,otllielenfthoflhe>poke, 
D fig. 14,berouTieet,BQdthediame- 
i lerofthenxia odI; B inohea, then 
P the power P,ofoDeliuDdredlb>. 01 

ithe strength of a nuui applied tg 
HieEpokea B, equivalent to ahui- 
dred pounds,will balance a weight 
W of six hundred pounds. 




Exam. 1. Tothig cD' 
>gine, crsneB of all bindi 

for raiaiiig heavy wei^ts 

nay be referred. 

3. Sometimes the axis ii tamed by a winch featened to It, 
which serve! for a. wheel, and the power gained ja in propor- 
tion u the winch is larger than the axii. 

3. A capstan ie a cylinder of wood, with holes in it; into 
these, bars are put to turn it round. The ban are made Xa- 
set something like the spokes, fig. 14. 

OF THE PULLEY. 

75. The pulley is a small wheel turning on an axis 
with a rope passing over it Set fig. IB. 

llim. The small wheel x is called a abeeve, and is lo fixed 
to a block a, u to be moveable round a pin paising thcquch, 

the centre. 
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76. Palleys are either fixed or moveMe. 

Obs, 1. The fixed pulley gives no mechanical adyantag;e., 
bat is used only to change the direction of a power. By it a 
man may raise a weight to any height, without moving from 
the place in which he is, as a stone to the top of a buUding', 
otherwise he must ascend with the weight. 

77. The moyeable pulley represented by a;, fig. 16, 
is fixed to the weight, and rises and falls with it, and 
the advantage gained by it is as 2 to 1. 

1. The reason of this is evident, for in raising the weight 
one inch, loot, or yard, both sides of the rope must be shor- 
tened as much, that is, the hand h must move through two 
inches, feet, or yards ; which shews, as before, that the space 
through whieh the power moves, must always be in propor- 
tion to the advantage gained. 

2, When the upper^ed block, sr, 
fig. 16, contains two pulleys, which 
only turn on their axis, and the lower 
moveable block x contains also two, 
which turn and rise with the weight 
W, the advantage gained is wfour 

!^_i ^ to one. For each pulley in the lower 
FoMi M block willbe acted upon by an equal 
' ^ \ m^ part of the weight, and since in each 
^ Wr pulley that moves with the weight a 

9 double increase of power is gained, 
therefore the advantage gained is tafour to one, 
- 78. In general the advantage gained by pulleys is 
found by multiplying the number of moveable pulleys 
by 2. 

Ohe, 1. A Weight W of 72 lbs. may be balanced by four 
moveable pulleys, by a power of nine pounds, because 72 di- 
vided by 8 gives 9 ; but in this case the power, when put in 
motion, will pass over 8 times as much space as the weight ; 
that is, to raise the weight one foot, ^e hand must move over 
eight feet. , 

2, A pair of blocks with a rope is called a tatldt, 

OF THE INCLINED PLANE. 
79. The inclined plane is merely a plane surface 
i(iclined to the horizon^ and is used to move weights 
from one level to another, 5ee/^. 17. 
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^^ Obs, It is often made byplajcing^ 
^ boards, or earth, in a sloping direc- 
^tion, and is of great importance in 
rolling up heavy bodies, as casks, 
wheel*barrows heavily loaded, &c. 

60. The force with which a body descends upon an 
inclined plane, is to the force with which it would de- 
scend perpendicularly, as the height of the plane is 
to its height. 

Jlliu, If the plane a 6, fig. 1 8 * 
be parallel to the horizon, the 
cylinder e will rest on any part 
of it wherever it is laid. But 
if the plane be placed perpen- 
dicularly as a 6, fig. 19, the 
cylinder will descend with its 
whole weight, and would require a power equal to its weight, 
to keep it from descending. Or, if the plane be inclined to 
the horizon as a <f, fig. 17, and three times the length of the 
perpendicular b d, the cylinder e will be supported by a pow- 
er equal to a third part of its weight. And if the plane be 20 
feet loBg, and the perpendicular height be 4 feet, or <mt-fiflhy 
then 5(K)lbs. would be balanced upon it by lOOlbs. because 
the plane is five times the length of the perpendicular height to 
which the weight is to be raised. To the inclined plane may 
be reduced hatchets^ chisels, and other edge tools, which are 
sloped only on one side. 

OF THE WEDGE. 
81. The Wedge may be considered as two equally 
inclined planes united at their bases* The advantage 
gained is in proportion as the length of the two sides 
of the wedge is greater than the back,'or as the length 
of one side is greater than half the back. 

lUus. The wedge a b edx, (see fig 20,) 
^may be divided into two inclined planes, a v 
c X, and bvdzx, which may be used sepa** 
rately, and will gain advuitage as such ; 
therefore, when united at z x, the advan- 
^ff tage gained will be in the same proportion, 
as when they were used in different parts. 

Obs* When the wood cleaves at a distanfce 
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before the wedge; the advantage then gained is in proportion 
as one side of th^ cleft is greater than half the length of the 
back. 

82. The wedge is a very important mechanical 
power, used to split rocks, timber, &c. which could 
not be effected by any other mechanical power. 

Ob» All instruments, and some sorts of chisels chamfer* 
cd on both sides, are to be referred to the principle of the 
wedge. 

OF THE SCREW. 

83. The Screw is an inclined plane used with a le- 
ver or winch to assist in turning it ; and then it becomes 
a compound engine of great force, either in pressing 
bodies closer together, or in raising great weights. 

Obs. The screw may be conceived to be made, by cutting 
a piece of paper into the form of an inclined plane, and then 
wrapping it round a cylinder ; the edge of the paper will form 
a spiral line round the cylinder, which will answer to the 
thread of the screw. 

84. The advantage gained by this mechanical pow- 
er, is in proportion as the circumference of the cir- 
cle made by the lever or winch is greater than the 
distance between the threads of the screw. 

lilus. It is evident that the winch 
or lever will turn the cylinder once 
round, whilst the weight, or the re- 
sistance, can be moved from one 
spiral winding to another, as from x 
to s, see fig. 21. If the distance of 
the spirals s a:, is half an inch, and 
the lever a, three feet, or 36 inches long, then the circle de- 
scribed by the lever will be about 228 inches, or 456 half inch- 
es, consequently a force at the end of the lever, equal to only 
one pound, would balance a resistance at the thread of 456 
pounds. Hence it appears, that the longer the winch or le- 
ver, and the nearer the spirals, the more advantage is gained. 
But in the screw thef e is great loss of power ; for a screw may 
be moved upward or downward in a fixed nut, as in fig. 21, 
or the nut may move on a screw, as in fig. 22. 

86. Almost all kinds of presse8,common corkscrews, 
&c. act upon the principle of this mechanical power. 
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When a screw turns in awheel, it is called an endless 
screw. 

OF FRICTION. 

86. In the application of all the mechanical pow- 
ers, one-third must he allowed to overcome the Fric* 
TioN of the surfaces, and the various other obstacles • 
to which all machines are liable. 

Obt. 1. If 60 lbs. are required to balance any weight with 
a mechanical power, 80 lbs. will be wanted, owing to/rie/ton, 
to put the machine in motion. 

2. Friction is the resistance a moving body meets with from 
thesiirface over which it passes ; it is of two kinds, the rub- 
bing by friction, and the friction by contact.. The former is 
represented by a looked waggon wheel going down a hill, the 
second by the wheel touching the ground in its usual motion. 
The force of friction varies in proportion to the different sur- 
faces in contact ; thus a marble passing on a smooth pavement 
suffers less from friction than it would from gravel, and it 
would be impeded in its motidn still less if it were driven over 
ice. But the hardest and most polished bodies are not free 
from inequalities that retard their motion when they -act upon 
one another. The smallest impediment from friction is, when 
finely polished iroi^ is made to rub on bell-metal, but even 
these are said to lose about one-eighth of their moving power. 
The friction between rolling bodies is much tess than in those 
that drag ; hence, in certain kinds of wheel-work, the axle is 
made to move on small wheels, or rollers, in the inner oircum- 
ference of the nave. These are denominated friction rollers, 
and are so placed together in a box, and fastened in the nave, 
that the aide of the carriage may rest upon them, and they 
turn round their own centres as the wheel continues its motion. 
Friction rollers do not answer in very heavy machines, as the 
pressure is apt to wear the naves into notches; but in light 
and rapid motions they are extremely useful. Larger metal 
balls, on the same principle, are made use of in moving immense 
blocks of stone. 

3. After a great variety of experiments made with the ut- 
most care and attention, Mr. Vivcb deduces the following con" 
elusions, which may be considered be established feots : . 

lUtu. 1. That friction is an uniformly retarding force in 
hard bodies, not subject to alteration by the velocity, except 
when the body is covered with woollen cloth. Sic, and in that 
case the friction increases a little with the velocity. 

4* 
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S. Friction increases in a less ratio than the weight of the 
body,' being different indifferent bodies. It is not yet suffi- 
ciently known for any one body, what proportion the increase 
of friction bears to the increase of weig^ht. 

3. The smallest surface has the least friction ; the weig^ht 
being the same. But the ratio of the friction to the surface is 
not accurately known. 

QUESTIONS ON THE MECHANICAL AFFECTIONS 

OF MATTER. 

What are the Mtehanieal powers ? 

What are the principal moving powers ? 

What is the power most easily applied, and whose action 
most uniform? 

What are the three circumstances to be considered in treat- 
ing of Mechanical contrivances ? 

iVhat are the six mechanical powers ? 

How can the force of a small body be made equal to that of 
a large one? 

What is the lever? 

What is the fulcrum ? 

Where is the resistance placed ? 

On what part of the lever is the power applied ? 

How many kinds of levers are there ? 

How are they distinguished ? 

Describe ihejirst kind of lever. 

What are the usee of this kind of lever ? 

Draw a diagram, pointing out the rtsistanet^ short amtf long 
ann^ fUlerum^ and power. 

Describe the second kind of lever. 

Where is the fulcrum, power, &^.? 

What are the uses of the second kind of lever ? 

Describe the third kind of lever. 

Where is the prop ? 

Where is the weight, and where the power ? 

Give a natural illustration of this kind of lever. 

What is the hammer lever? 

What are its principles and uses? 

Of what does the wheel and axis consist? 

How is the power gained by the wheel proportioned to the 
nlative diameters of the wheel and axis? 

On what SMohuucal principle does the wheel and axis gain 
power? 
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What is the puttey ? 

What is the use of the fixed pulley ? 

What proportion of advantage is g;ained by the moveable 
pulley? 

Explain the reason why a weight can be raised more easily- 
with a pulley than without one. 

What is the rule for finding the advantage gained by pulleys ? 

What is a pair of blocks with a rope called? 

What is an inelinei plane? 

Of what everyday use is the inclined plane ? 

How is the velocity with which a body descends on an in- 
clined plane estimated ? 

Explain the diagram. 

On whatprinciple does the wedge act ? 

What is the screw? 

What is the rule by Which the force of a screw and lever is 
estimated ? 

Explain the principle of the screw. 

Illustrate this principle by an explanation of the figure. 

In the application of the mechanical powers, what allow- 
ance must be made for friction? 

What is fidction ? 

What are the kinds of friction ? 

What are the conclusions of Mr. Vince on this subject t 



HYDROSTATICS, 

OR THE LAWS OF FLUIDS. 

87. Hydrostatics treat of the nature, gravity, 
pressure, and motion of fluids in general, and of the 
methods of weighing solids in them. And its mecha- 
nical practice, called hydraulics, relates particularly 
to the motion of water through pipes, &c. 

86. A fluid is a body, the parts of which yield to 
any impression, and are easily moved among each 
other. Fluids are either .non-elastic and incompres- 
sible, as water, oil, mercury, &c. or elastic and com- 
pressible, as air, steam, and the difierent gases. 

Obi. Heat, or motion, is smpposed to be the cause of fluidi- 
ty; for example, tee, without beat, is a solid— with heat, it 
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becomes a fluid, in tpuler — and with more heat, an elastic 
fluid, in steam. In the first state, the atoms are fixed in crys- 
tals — ^in the second, are thrown into intestine motion — and in 
the third state, are forced asunder with an amazing expansive 
force. , 

2. Philosophers have usually assumed, that the particles of 
fluids are round and smooth, since they are so easily moved 
among one another. This supposition will account for some 
circumstances belonging to them. If the particles are round, 
there must be vacant spaces between them, in the same man- 
tier as there are vacuities between cannon balls that are piled 
together ; between these balls smaller shot may be placed, 
and between these, others still smaller, or gravel, or sand, 
may be diffused. In a similar manner, a certain quantity of 
particles of sugar can be taken up in water without increasing 
the bulk; and when the water has dissolved the su^, salt 
may be dissolved in it, and yet the bulk remain the same ; and 
admitting that the particles of water are round, this is easily 
accounted for. 

3. Others have supposed, that the cause of fluidity is the 
mere want of cohesion of the particles of Water, oil, &c. and 
irom this imperfect cohesioo, fluids in small quantities^ and 
under peculiar circumstances, arrai^e theittaelves in a spheri- 
cal manner, and form drops. 

89. Fluids are subject to the same laws of gravity 
with solids ; but their want of cohesion occasions some 
peculiarities. The parts of a solid are so connected a^ 
to form a whole, and their weight is concentrated in a 
single point, called the centre of gravity : but the 
atoms of a fluid gravitate independently of each other. 

90. Fluids press not only like solids, perpendicu- 
larly downwards^ but also upwards, sideways, and in 
every direction. 

Exp, Take a glass tube open at both ends, put a cork in 
one end, and immerse the other in water. The fluid will not 
rise far m the tube ; but the moment the cork is taken out,, it 
will rise to a level with the surrounding water; which proves 
the pressure upwards. 

91. A fluid kept in an open vessel, or vessels, 
will assume a flat surface parallel to the horizon, and 
will remain at rest, or rise to a common level. 
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Exp. If aveaaeIjtir.23,ConsirtsofpifM 
varioualy inelined, communicaling with 
each other at 6, BHil open at the top, wa- 
ter poured into any one of tbem will riie 
to the >ame level s/, in alt. 
6 

92. The pressure of the same fluid is in proportion 
to the perpendicular height, and is exerted in every 
direction; so that all the parts, at the same depth, 
press each other with equal force in every direction. 

Exp. 1. If a Uadder fiUI of air be inunsrsed in water, tb«n 
the perpendicular presaure is manifest, for the deeper the 
bladder is immened, the more will ila bulk be cotitiacted. 

S. Ad empty botUe being corired, and by means of a weight, 
let down a certain depth into the sea, it will be broken, or the 
cork will be driven into it by the perpendicular prewure. — 
But a bottle filled with water, wine, &o. may be lei down to 
any depth, without damage, beoaiue in thia case the inlemal 
p^sBUre is equal tothe external. 

3. It is evident, that the quantities of water in the different 
pipes, ^. 23, whateTor be their size, press equally agiunat 
eachotber, fcr if the water be suddenly taken out of the ppas 
<,«,or/, thesurfeceof the water will instantly descend to a 
lower le7el in all the other pipes. 

93. The horizontal bottom of a vessel sustains the 
pressure of a column of the fluid, the base of which is 
the bottom of the veaael, and the perpendicular height 
equal to the depth of the fluid. 



Exp. 1. In the veuel a b,Jig. 24, the bottom c b does not 
mstain a pressure equal to the quantity of the whole fluid, but 
onlj of a Mlnmn, whoee base c b, and height b a. 
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2. In the vessel /g,^. 25, the battom g sustains a pressure 
equal to What it would be if the ves^l was as wide at the. top 
as the bottom. 

94. The pressure of a fluid upon any given part 
of the bottom or sides of a vessel, is equal to tbe 
weight of a column of that fluid, haying abase equal to 
that part of the bottom or side, and an altitude equal 
to the perpendipular height of the fluid. 

Obs, 1. Hence may be calculated the pressure upon, and 
the strength required for dams, cisterns, pipes, &;c. 

2. The pressure of fluids differs from their gravity or weight 
in this ; the weight is according to the qvumtUy^ but ^e pressure 
is according to the perpendicular height. 

3. From this property also, we ascertain the principle of 
spouting fluids. If a hole is bored in the side of an upright 
pipe filled with water, the fluid will spout out, which shews 
the lateral pressure, and this pressure is so much grater, m 
proportion as the hole is farther remored from tbe surface ; 
that is, a hole three feet below the surface of a vessel of water 
will throw out, in the same time, much more water than one 
only a single foot below. 

96. The hydrostatical paradox is this : that any 
quantity of fluid, however small, may be made to 
counterpoise any quantity, however large. 

Exp, If to the wide vessel a h^fig* 26, a tube e d be at- 
tached, and water be poured into either of them, it will stand 
at the same height in both. Of course, the small quantity in 
c d, balances the large quantity in a 6. Buti this is only a 
paradox in terms, because the action of the fluid is downward, 
not upward. 

96. The upper pressure of fluids is shewn by the 

hydrostatical bellows. 

Exp. 1. This machine consists of two oval boards, 16 inches 
in length, and about 14 in width, covered with leather, to 
rise and fall like the common bellows, but without valves. A 
pipe three feet long is fixed to the top board ; let a little wa- 
ter run into the bellows to separate the boards, then weights 
to the amount of two or three hundred pounds may be put on 
the upper board ; after which, if the pipe be supplied with 
water, it will, by its upper pressure, sustain and lift up the 
weights. 

2. Upon the principle of the upward pressure, lead or other 
metal may be made to swim in water. Into a vessel of water 
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plong^e a glass tube, open throughout ; but by a string hold a 
fiat piece of lead (1-4 of an inch thick,) fast to the bottom of 
the tube to prevent the water from getting in between the lead 
and the glass. In this situation, if the tube is immersed in the 
vessel of water to about three inches depth, the string may be 
let go, but the lead will not fall ; it will be kept adhering to it 
by the upward pressure below it. The lead being abotit eleven 
times heavier tiian water, and the three inches being eleven 
times the thickness of the lead, is the reason why that depth is 
fixed on. Had iron been used, the depth must have been lesa 
than two inches, because iron is 7 or 8 times heavier than wa- 
ter; and if the plate had been of gold, the depth to which it 
must have been plunged, would have been nearly 5 inches, 
because gold is 1 8 or 19 times heavier than water. 

97. A fluid specifically lighter than another fluid 
will float upon its surface. For the lighter fluid will 
be less powerfully acted upon by the force of gravi- 
tation than the heavier ; whence, the heavier will 
take the lower place. 

Exp. 1. Let a small and open vessel of wine be placed with- 
in alai^e vessel of water, the wine will ascend. 

2. Let mercury, water, wine, oil, spirits of wine, be put into 
a phial in the order of their specific gravities ; they will re- 
main separate. 

98. If a body floats on the surface of a fluid speci- 
fically heavier than itself, it will sink into the fluid 
till it has displaced a portion of fluid equal in weight 
to the whole solid. 

Ob$. A body, floating on a liquor specifically heavier than 
itself, will sink into it, tiU the immersed part takes up the 
place of so much fluid as is equal to it in weight. For, in that 
case, that part of the surface of the fluid upon which the body 
rests, is pressed with the same degree of ibree, as it would be 
was the space full of the fluid ; that is, all the parts of the sur- 
face are pressed alike, and, therefore, the body, after having 
sunk into the fluid till it is in equilibrio with it, will remain at 
rest. 

Exp* 1. Place a cube of wood in a small jar, exactly filled: 
with water ; a part of its bulk will be immersed, and will dis- 
place a quantity of the water. Take the cube out of the water,. 
and put it into a scale, with which an empty vessel in the other 
scale stands balanced. Then pour water into that vessel till the 
equilibrium it restored, aad Uiat portion of water will exactly 
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fill Up the jar in which the cube was placed. Conseqaenflyt 
the we%ht of the water displaced is exactly equal to the weight 
of the wood. 

2. Let a g^lass jar, with a weight sufficient to make it sink 
in water to about two-thirds of its length, be placed first in a 
large vessel of water, and afterwards in one.which is very little 
wider than the jar, and which has in it a small quantity of 
water ; the jar will sink to the same depth in both vessels, that 
is, till so much (^ the vessel is under water as is equal in bulk 
to any quantity of fluid whose weight is equal to that of the 
whole vessel. 

OF SPECIFIC GRAVITY. 

99. By the specific gravities of bodies, is meant 
the relative weights which equal bulks of different 
bodies have in regard to each other. 

Oht. 1. Thus a cubic foot of cork is not of equal weight 
with a cubic foot of water, or marble, or lead ; but the water 
if four times heavier than the cork, the marble 1 1 times, and 
the lead 45 times; or, in other words, a cubic foot of lead 
would weigh as much as 45 of cork, &c. &c. 

2. The terms abtolute gravity and specific gravity very fre- 
quently occur in physics. The first is what we express in 
common life by the word vfeight, and signifies the whole of the 
power, with which a body presses downward to the earth. 
Every particle in every substance is heavy ; that is, it has a 
tendency to &11 toward the earth, or is attracted by the earth. 
Now, the greater the number of particles a substance has, 
the more powerful will be its tendency toward the earth ; and 
we express the degree of this tendency by certain quantities, 
on which we have fixed as standards, by ounces, pounds, &c. 
Thus we say, rightly, this stone weighs sixteen times as much 
as this ounce. It is very common, however, to say, that 
stone is as heavy again as this ; that pound weight is sixteen 
times as heavy as this ounce ; but this, in a physical sense, is 
improper ; the two stones, if they be of the same kind, are 
equnlly heavy^ bulk for bulk. Their heaviness or gravity is 
the same, but their weight is different. 

100. it is usual to compare the weight of bodies 
with that of water, as it is by weighing tjfiem in water 
that their various specific gravities are most conven- 
iently found, 
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Obs. The method of ascertaining the apeciiie g;ravities of 
bodies was disceyered accidentally by Archimedes. He had 
been employed by the king of Syracuse to investigate the 
metals of a golden crown, which bie suspected, had been adul* 
terated by the workmen. The philosopher laboured at the 
problem in Tain, till, going one day into the bath, he perceiv- 
ed that the water rose in the bath in proportion to the bulk of 
his body ; he instantly saw that any other substance of equal 
size would have raised the water just as much, though one of 
equal weight and of less bulk could not have produced the 
same effect. He immediately felt that the solution of the 
king's question was within his reach, and he was so transport- 
ed with joy, that he leaped from the bath, and running naked 
through the streets, cried out, ^' £vpii«a, Eup^xa,'^ — ^* I have 
found it oiUt — I have found it ouiV ' He then got two masses, 
one of gold and one of silver, each equal in weight to the 
crown, and having filled a vessel very accurately with water, 
he fint plung^ the silver mass into it, and observed the quanti- 
ty of water that flowed dver ; he then did the same with the 
gold, and found that a less quantity had passed over than be- 
fore. Hence he inferred that, though of equal weight, the bulk 
of the silver was greater than that of the gold, and that the 
quantity oi water displaced was, in each experiment equal to 
the buik of the metal. He next made a like trial with the 
erown, and found it displaced more water than the gold, and 
less than the silver, wiuch led him to conclude, that it was 
neither pure gold, nor puTe silver. 

101. A body immersed in a fluid will smk to the 
bottom, if it be heavier than its bulk of the fluid : and 
if it be suspended in it, it will lose as much of what it 
weighed in air, as its bulk of the fluid weighs. 

102. All bodies equal in bulk, which would sink 
in fluids, lose equal weights when suspended therein ; 
and unequal bodies of equal weights lose in propor- 
tion to their bulks. 

Ohs. This is the foundation of the whole doctrine of specific 
gravities. The fluid is a common and uniform measure of 
weight, with which the other bodies are compared and con- 
trasted. 

103. If the same body be successfully placed in flu- 
ids of different specific gravities, it will displace more of 
the lighter than the heavier fluid ; and if the weight o^ 

5 
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the bodj be equal to that of the same bulk of the flaid, 
then it will remain at rest in any part of that fluid. 

104. The Hydrostatic Balance, used to find the 
specific gravities of bodies, differs but little from the 
common balance, (see fig. 27 A It has a hook at the bot- 
tom of one of the scales, on which di£ferent substances 
that are to be exaniined may be hung by horse hairs. 

lUus, If a bodyx fig. S7, suspended un- 
der the scale be first coanterpoised in air 
by weights in the opposite scale, and im- 
mersed in water, the eqailibrium will be 
destroyed; then if a wdghtbe put into the 
scale from which the body hangs to restore 
the eqailibrium, that weight will be equal 
to the weight of water as large as the im- 
^mersed body. 

Obs, The instrument ased for compar- 
ing the specific gravites of liquids is call- 
ed the Hydro BfBTBR ; and is used to 
prove or ascertain the strength of spirits^ 
try the strength of wort, and examine the saturation of brine 
in salt-works. The deeper the hydrometer sinks in spiritSy 
the better they are ; in worts and brin^ the contrary. Hy- 
drometers are commonly hollow balls of glass, with a smaller 
ball, containing quicksilver at the bottom, and a slender tube 
at the top. The tube or stem is graduated, that the depth to 
which it sinks may be know^. 

10$. The specific gravity of all bodies that sink in 
water may be found, first by weighing the body in air, 
then in water, and dividing the weight in air by the 
loss of weight in the water. 

. Exam. A guinea weighs 129 grains in air; by being weigh- 
ed in water it loses 7 1-4 grains, which shews*, that a quantity 
of water of equal bulk with the guinea, weighs 7 1-4 grains ; 
divide 129 by 7 1-4, or 7.25, and the quotient will be 17.7939 
which proves the guinea to be 17.793 times heavier than its 
bulk of water. 

CoroL 1. We hence easily deduce the methods of obtaining 
the specific gravities of aU bodies, taking rain water as a 
standard, a cubic foot ef which being uniformly found to 
weigh 1000 avoirdupois ounces. 

The weight which a body loses in a fluid, is to its whole 
Wi^ht ten the speoi^c gravity of the fluid is to that of the body. 
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If a g^iiinea i^e%h in air 129 grains, and in being immersed in 
water lose 71-4 of its weight, the proportion will be 7 1-4; 129 
: : 1000 to the specific gravity of a guinea. By this method, 
the specific gravities of all bodies that sink in water may be 
foond and expressed in a table. 

2. Hence, if different bodies be weighed in the same fluid, 
their specific gravities will be as their whole weights directly, 
and as the weights lost inversely* 

If a body to be examined consist of small fragments, they 
may be put into a small bucket and weighed ; and then if from 
the weight of the bucket and body in the fluid, we subtract 
the weight of the bucket in the fluid, there remains the weight 
of the body in the fluid. 

3. If the same body be weighed in different fluids, the speci- 
fic gravity of the fluids will be as the weights lost. 

The loss of weight sustained by a glass ball in water and 
milk is respectively 803 and 831 grains, therefore the specific 
gravity of water is to that of milk as 803 : 831, that is, as 1.000 
: 1 .034. By the same method, the specific gravity of water, is 
to that of spirits of wine as 1.000 to 857. 

SPECIFIC GRAVITIES OF VARIOUS BODIES. 



Platina 

Fine gold 

Mercury 

Lead 

Fine silver 

Copper 

Iron 

Diamond 

Marble 

Glass 

Flint 

Chalk 

Coal 

Mahogany 



23.000 

19.640 

14.019 

11.325 

11.091 

9.000 

7.645 

3.517 

2.705 

3.000 

2.570 

1.79S 

1.250 

1.063 



Milk 

Box-wood 

Rain water 

Oil 

Ice 

Brandy 

Living men 

Ash 

Beech 

Elm 

Fir 

Cork 

Common 'air 

Hydrc^ngaa 



1.034 

1.030 

I.OOO 

- .920 

.908 

.820 

.891 

.800 

.700 

.600 

.550 

.240 

.00112 

.000105 



Obs. 1. The above table shews the specific weights of the 
various substances contained in it, and the absolute weight of a 
cubic foot of each bo9y is ascertained in avoirdupois ounces, 
by biultiplying the number opposite toit by 1000, the weight 
of a cubic foot of water, thus the weight of a cubic foot of 
mercury is 14019 oiUices avoirdupois, or 876 lbs. 
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^. If the weight of a body be known in avoirdupois ounces, 
its Weight in Troy ounces will be found in multiplying it inta 
•9 1 145. And if the weight be given in Troy ounces, it will be 
found in multiplying it into 1 .097 U 

. 3. Mr. Robertson, late librarian to the Royal Society, in- 
vestigated the specific gravity of living men, in order to know 
what quantity of wood would be sufficient to keep a man afloat 
in water, supposing that most men were specifically heavier 
than river water, but the contrary appeared to be the case 
from trials which he made upon ten different persons, whose 
mean specific gravity was, as expressed in the table, 0.891 , or 
about l-9th less than common water. If, however, as in some 
cases, they are heavier, and, indeed, as the weight of their 
heads dut of the water would generally sink them, it may be 
worth while to be able to ascertain Ihe weight of corie suf- 
ficient to buoy up any man. 

If, then, as an example, the absolute weight of a middle 
sized man be 135 pounds, the weight «f two cubic feet of 
water be ISSlbs. the gpeoifio gravity of cork hefine fourth of that 
of water, and the weight of the cork required be represented 
by w ; then the x lbs. of cork, when wholly immersed, will 
displace 4 a; lbs. of water ; and the weight of the person and 
the*Oork, 135- 1 -a?, must of course be equal to that of the wa- 
ter displaced by both 123- 1 -4x, in order that the person may 
swim as required. Hence we have the following equation : 
123-|-4ar, = 135 -|-ar. Consequenfly, 123 -|- 3a? = 135. 
Therefore ar=135— 123=»12. Whence we find a^=4. Four 
pounds of cork, therefore, will keep such a person from sink- 
ing, so that he may remain with his head completely above 
water., 
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106., The science of Hydraalics teaches how io 
estimate the velocity and force of fluids, in motion. 
Upon the principle of this science all machines work- 
ed by water are constructed, as engines, mills, pumps, 
fountains, &c. 

107. Water can be set in motion only by its own gra- 
vity ; as when it is allowed to descend from a higher io 
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H lower level ; by an iocreased pressure of llie air, 
«r by removing the pressure of the atmosphere, it 
will rise above its natural level. 

Obi. I . In the furmer case it will seek the lowest sitaatioa, 
in the latter, it may be forced slmost to any height. 

2. Any partofa'fluidat tert preaaes.and ia pretsed, eqaikll; 
in all directioDs. For each particle ia disposed to give way on 
the rfighteit difference of pressure ; consequently, it preuei 
equally io all directions. Hence the lateral pressure of a fluid 
is equal to the perpendicular preeaure. ^nd thu ii one of 
tiie mott txlrairdinary propiTtia offiitidt, and can be conceived 
to arise only from the extreme bcility with which the compo. 
nent particles move among each other. 

108. A Stfhon is a bent tube, one of whose legs is 
longer than the other. The shorter leg is immersed in 
the liquor to be drawn off, and the pressure of theair 
being takenfrom that part of the surface of the liquor 
withio thetube,thcli(]uor will rise above its naturallev- 
elinthe vessel, and will flow off through the longerleg. 
Obi. 1. A lyphon is used by Ulling it 
with water or some other fluid, then stop- 
ping both ends with the finger, and in this 
slate iroraersipg it in the vessel. Thefin- 
i;era bein^ remtived the water flows out of 
the longer leg, by its own gravity, and 
afterwards by the pressure of the atmos- 
phere on the liquor in the vessel. 
3. Intermitting springs are caused by the principle of the 
Byphon, the water flowing through the natural pipes or sy- 
phons from reservoirs of water in the earth, which (ill only at 
certUD seasons. 

IIa^a. If Che a cavern , 
^Bter which escapes by 
the channel A B C, it is 
evidcLit that it will flow 
only when it rises in D to 
the level N. B. D. 
109. Tlie velocity with which water spouts out at a 
hole in a side tr bottom of a vessel, is in proporlion to 
(he aguare root of ibe distance from the hole below the 
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surface of the water ; and the pressure of water against 
the sides of a vessel is as the square of the depth. • 

Exam. 1. If at the distance of one foot from the sarfiice^ 
the Telocity is 1, another hole four feet from the surface, would 
give the velocity of 2, and at 9 feet deep there would be a ve- 
locity of 3, 2 and 3 b^g the square root of 4 and 9. 

2. If a vessel be three feet deep and filled with water, the 
pressure upon the sides of the first foot will be 1, on the first 
and second will be 4, and on the whole side it will be 9. 

110. Fluids Q^iy be conveyed over hills and valleys 
in bent pipes, to any height which is not greater than 
the level of the spring from whence they flow. 

Obi» All water finds its own level. But from ignorance of 
this single principle, the ancients constructed vast aqueducts 
across valleys to convey water across them ; whereas, the 
modems effect the same purpose by means of wooden, leaden, 
iron, or stone pipes. 

111. Fountains are formed upon the same princi- 
ple : if, near the bottom of any vessel, a small pipe 
bending upwards be fastened, the water will spout 
out through the pipe, and rises nearly as high as the 
surface of the water in the vessel. 

112. The Common Pump consists of a pipe open 
at both ends, in which is worked a moveable piston, 
that fits the bore exactly, and is provided with valves^ 

lUus, Fig. 30 is the representation of a common 
pump ; a 6 is called the barrel which contains the 
piston ; b d the pipe communicating with the wa« 
ter below. At the junction of ther^e two parts, 
there is a fixed tfalve or little trap-door, (see the 
fig.) d opening upwards. 

The mode of operation is as follows : the part d 
IB fixed in water, and the piston e A is to be close 
down upon the valve d. In drawing up the piston 
from d to e, 9, vacuum of air is formed in that 
space, consequently, the air in the rest of the pipe 
from dto b will force its way through the valve 
^tf, and fill the part which had been exhausted ; it 
therefore, be rarer than before, and not 
being equivalent to the pressure of the atmosphere upon the 
Witter at if, in which the pump is immersed, the water wiE 
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be forced or pressed up into the pipe as iar as jt, until the up- 
per air within be as dense as before. 

Upon depressing the piston a second time, the same effect 
is prodaoed, till at length the water is forced, by the pressure 
of the air 6, up into the pipe above d. When the piston now 
descends, it is forced into the water, which^^as it cannot re- 
pass . through the valve <{, must, therefore, rise above the 
piston by passing through its vahe c; and when the piston is 
next raised, all the water above it will be lifted up, and will 
run off by the pipe. 

113. The Forcing Pump consists of a barrel, a 

plunger, and two fixed valves, that should be air 

tight, and so disposed as to let the water freely rise, 

but prevent its return. 

lUvu. In fig. 31, a 6 is the barrel : e a solid 
piston or plunger ; at d is one valve opening up- 
wards, the other is the branching pipe t. When 
the piston is first moved upwards in the barrel, 
: the air below will be rarefied and the water rise 
up in h : and by repeated strokes of the pistoosjthe 
water will be brought up between the fixed 
valve d and i. 

It cannot, therefore, descend by d^ but must 
make its way through the upper valve at#, which 
[^shuts the moment the waiter has passed by its own 
weight. 
2 V is ^ strong air vessel closed at the top by a 

94 small pipe, that reaches nearly to the bottom. 
O'l The water is forced along the rising pipe x, gets 
into the vessel, and rises above the lower part of 
.the pipe. The air which is above the water in 
^^^ ^the vessel being confined, and condensed into a 
smaller bulk than its natural space, presses by its elasticity 
upon the surface of the wat^r, and forces it violently up the 
pipe in a continual stream. This is the principle of the En - 
«INB for extinguishing fires. 

114. The water is raised by pumps owing to the 
elasticity or pressure of the atmosphere ; it can be 
raised only 33 feet, because the force of the atmos- 
phere is equal only to a column of water 33 feet high. 
06s. 1. The forcing pump is unlimited in regard to the 
height to which it can throw water. The air-vessel added to 
the forcing pump, gives the water a more equable streaq 
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2. A constant stream may be prodaced by two barrels with 
pistons moving; up and down alternately, as is the case in 
many pumps. 

115. The Steam Engine consists of a large cylin- 
der or barrel, in which is fitted a solid piston like that 
of the forcing pump. Steam is ^us supplied from a 
large boiler, which, in forcing up the piston, instantly 
opens a valve, through which cold water rushes, on the 
principle of the common pump. 

Other steam is then introduce'd above the piston, 
which forces it down again, and drives the water out 
of the pipe with immense force. 

Steam then raises the piston again, and again makes 
it fall, and by this alternate motion the grandest ope- 
rations are performed. The action of the piston 
moves up and down a large beam, and this beam 
communicates to other machinery, the power of lOO 
or 200 horses ! 

Obs» 1. The power of seme of the steam engines construct- 
ed by Messrs, Boolton and Watt, is thus described, as taken 
by actual experiment. An engine haying a cylinder of 31 in- 
ches in diameter, and making 17 double strokes per minute, 
performs the work of 40 horses, working night and day, for 
which 3 relays, or 120 horses must be kept, and burns 11,000 
pounds of Staffordshire coal per day. A cylinder of 19 inch- 
es, making 25 strokes, 4 feet each, per minute, performs the 
work of 12 horses working constantly, and burns 3700 pounds 
ol* coals per day. These engines will raise more than 20,000 
cubic feet of water, 24 feet high, for erery 100 weight of good 
pit coal consumed by them. 

2. This cut represents the com- 
mon steam engine. A is the iron 
cylinder, containing the pistpn 
which works up and down, aod 
mores the be^m and the resist- 
ance B. The steam passes from 
the boiler, at the pipe D, iatothe 
I cylinder under the piston, raises 
it, and the jet at C throws coM 
water, condenses the stcnm, stud 
'allows the piston to fall again. 
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3. This it Watt's improved engine. The principle i* the 
Bane aa the precediog, but the ecoaeiDjr i> grchter. The 
iteam nhich i^ below the piston eicapet into the condenser A, 
b; the cock B, which ii opened hj the rod C, and et the sane 
time the eteam is admitted by the cock O into the upper p;rt 
of the cylinder ; when the piston had descended, the r.icks E 
and F act in a similar manner in letting out the tteam from' 
above, and admiuing it below the piaton. The jet is 8Upi>li- 
e(l bj the water of the cistern G, which ii pumped up at H, 
froei a reiervoir ; it ii drawn oat, together with the air that 
is extricated rrom it, bj the air pump 1, which tbrowi it into 
the cistern K, whence (he pump L raises it to the cistern M ; 
and it entcn the boilers through a valve which opens when- 
ever the floatW deicendt below its proper place. The pipes 
O and f serve also to ascertain the quantity of Water in the 
boiler. The piston rod is oooGned to a motion nearly rectili- 
near by the frame Q. The fiy-i^jpttTR ii tamed by the sun 
and planet wheel S T,aMd the st^^ turns the centrifugal 
re°^lBlor W, which governs the supply^ steam by the valVe 
er atop cock X. 

4. Steam engines have been adraatageoasly applied lately 
to impel veaaela in smooth waten, as rivers, caoali, &c. 



fiS ^iUESTION'S. 

QUESTIONS ON HYDROSTATICS. 

Of what do hydro9tatie$ treat ? 

What is the difference between hydrostatict and hydrau- 

What is a fluid? 
What is the cause of fluidity ? 
Of what shape are the particles of fluids ? 
In what direction do fluids press ? 

Hustrate the uptoard pressure of a fluid by an experiment 
What goyems the pressure of a fluid upon the bottom of a 
vessel? ♦ 

What relation \s there between the perpendicular height of 
a fluid, and its pressure? 

Give illustrations of these principles. 

How is the pressure of the fluid on the bottom of the vessel 
calculated? 

How does the pre«ncre of a fluid differ from its gravity ? 

What is the hydrottaiiaU paradox ? 

£^ain its principle. 

Describe the hydrostatical bellows, and explain on what 
principle it acts. 

Explain the manner in which lead may be made to swim 
upon water. 

Explain the reason why a body speciflcally heavier than 
water will not sink to any depth in that fluid. 

Describe some experiment to illustrate this doctrine. 

What is meant by the speci/le gravities of bodies ? 

What is the difference between absolute and specific gra- 
vity? 

Describe tiie method by which the specific gravity of a body 
is taken, and explain the principle. 

What is the construction of the hydrostatie balance ? 

Explain its use. 

Explain the action of the hygrometer. 
.•What is the rule for findjing the specific gravity of a body 
after weighing it in air and in water ? 

How is the specific gravity of a fluid taken ? 

What were the results of Mr. Kobertson's experiments on 
the specific gravities of men ? 

What does the science oi hydraulics teach ? 

What useful machines are constituted on the principles of 
this science? 

What are the different ways in which water can be «et in 
motion? 

What are the directions in which fluids pres^ ? 
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In what proportion is the lateral to the perpendicular pres- 
sure of a fluid? 

What is a syphon ? 

ninstrate the principles of the syphon. 

How are intermitting springs caused f 

How is the velocity with which water spoiits out at a hole 
in the side of a vessel calculated ? 

Give an esbimple. 

On what principle may water be conveyed over hills in bent 
pipes ? 

On what principles are fountains formed? 

Describe the common punqf. 

What are the different parts of a forcing pmnp, and the priu- 
ciples upon which it acts ? 

How high can vtrater be raised by the common ptunp, and 
on what principle ? 

Describe the^ steam engine, and give an example of its 
powers. 



PNEUMATICS. 

116. The science of Pneumatics treats of the me- 
chanical properties of elastic or aeriform fluids ; such 
as their weighty density^ compressibility , and elasticity, 

117. The air in which we live surrounds the earth, 
and extends to a considerable height above it. The 
air, together with the clouds and vapours that float 
in it, is called the atmosphere. 

Obs. 1. This atmosphere is necessary to animal and vege- 
table life, and to combustion : it is ajvery heterogeneous mix- 
ture, being filled with vapours of all kinds. It consists how- 
ever of two great principles called oxygen in 28 parti, and 
azote in 72 parts, of 100. 

2. The height to which the atmosphere extends has never 
been ascertained ; but at a greater height than 45 miles, it 
ceases to reflect the rays of light from the sun. 

] 18. The air is not visible, because it is perfectly 
transparent : but it may be felt on moving the hand in 
it, or when it moves and produces what we call wind. 



60 PNEUMATICS. 

Exp* 1. The existence of the air may be ascertained by 
swing;ii]g the hand edgewa3rs swiftly up and down, which gives 
the idea of separating the parts of some resisting medium. 

2. Any swift motion, as of a stick, or whip, or fan,, proves 
the existence of air as a resisting medium. 

119j Air is MO times lighter thanivater ; but the 

whole atmosphere presses on all sides like other 

fluids, upon whatever is immersed in it, and in proper* 

tionto the depths. 

Exam^ 1. It is known that the pressure of the atmosphere 
is less upon a mountain than in the plain or valley beneath. 

2. The pressure of the air may be thus shewn : cover a 
Wine glass completely filled with water, or wine, with a piece 
of writiag paper ; then place the palm of the hand over the 
paper, so as to hold it tight and accurately even. The glass 
may then be turned upside down, and tiie >hand removed 
without the water running out. The pressure, of the air upon 
the paper sustains the weight of the water. 

3. It is the pressure of the atmosphere which sustains the 
mercury in the barometer tube. On ascending a mountain the 
mercury sinla. This shows that a part of the pressure is taken 
off. 

On the surface of the earth the water boils at 212 degrees ; 
en Mount Blane, it boils at 187 degrees. These and many 
<^er experiments shew, the higher we ascend from the sur&ce 
of th«r earth, the less is the atmospheric pressure. 

120. The air can be compressed into a less space 
than it naturally occupies. 

Exp, 1. Take a glass tube open only at one end, and it is 
•f course full of air. Plunge the open end into a bow} of wa- 
ter, and you see the water rises an inch or so in the tuoe ; the 
air, therefore, which before filled the whole length of the tube, 
is compressed by the water into a smaller space. 

2. Take a cork swimming on a basin of water, cever it with 
an empty glass tumbler, which force down through the water. 
The cork evidently shews, that the surface of the water within 
the tumbler is not on a level with the surface without. This, 
experiment proves that air is a body which prevents water 
from, occupying the same space with itself; it proves also that 
the air is compressible, because tlie water does not ascend irt 
the glass. 

121. The air is of an elastic or expanding nature 
»nd the foree of the spring is equal to what is common- 
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ly called its weight. The sprin|:, however, operates in 
^]iJirectioDS,and ia as powerful in small aB large bulks. 

Exp. I. Fill B bladder inth air by blowing into it, and in 
this state the bladder is highly elastic ; it provei also that aii 
is Hs much a sabilance a> wood or melal. for no foi*e can, 
without brealdng the bladder, brini; Ihe ^de« l^^tber, 
though the ports of an empty bladder may be aqueezad intv 
any shape, 

2. Open a pair of comnUHi bellows in the uiual nuumer, 
md then atop the nozzle lecureli^, and no force ciin bring' the 
pBita tc^ether, without flmt miBtopping the nozde, or bursting 
the leather : another proof that air ia a solid lubetaiuw. 

122. When air is in motion it constitutes what we 
cal] un'nd ; which is nothing more than a current of 
air, varying its force, according to the velocity with 
which it flows. 

123. AiB'FVMFs arc machines made for exhaust'- 
ing the air from certain glass vessels adapted to the 
purpose of experiments on air. 

lUta. F^. 34, repreeenta one of the niMt convenient air- 
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a a two brass barrels each containing a piston, with a vtlre 
opening upwards. The pistons are worked by means of the 
winch 6, which moves them up and down alternately. On 
the wooden frame d e, there is a brass plate g^ g^und per- 
fectly fltt and even ; and also a brass tube, communicating^ 
"v^ith the two cylinders beneath, and the cock i, and opening 
into the centre of the brass plate at a, 

k is the glass receiver which is to be exhausted of air, and is 
made to fit very accurately on the brass plate, particularly 
' when a wet piece of leather is laid between them. 

Having shut the cock t, the pistons are worked up and 
down, and the air is drawn from the glass receiver through the 
pipe, and is sufiered to escape ; when the piston is forced down, 
the air rises through it, because the valve opens upwards, 
but it is prevented from returning into the vesssel for the same 
reason. The air being gradually exhausted from the receiv- 
er, it becomes immoveably fixed by the pressure of the sur- 
jtounding atmosphere. 

Uppn opening the cock t, the air rushes again violently, and 
with a noise into the receiver. 

124. The Air-pump is the grand machine by which 
experiments on air are made. By its means the fol- 
lowing important properties of air are demonstrated* 

1. Tlu air has weight. 

Exp. 1. The air being exhausted by an air-pump, firom a 
glass receiver, the receiver will be held fast by the pressure of 
the external air. 

2. If a small receiver be placed under a larger, and both be 
exhausted, the larger will be held fast, while the smaller will 
be easily moved. 

3. If the hand be placed upon a small open vessel, in such a 
manner as to close its upper orifice, it will be held down with 
great force. 

4. The upper orifice of an open^receiver being closely co- 
vered with a piece of bladder, upon exhausting the receiver, 
the bladder will be pressed till it burst. 

5. Let the air be exhausted from a glass vessel, and by 
means of a cock, let the vessel be kept euiausted ; weigh the 
vessel whilst it is exhausted, and when the air is to be re-ad- 
mitted, the difference is the weight of so much air as the ves- 
sel contains ; which difference wiil be about 3S4 grains for a 
thousand cubic inche?.. 
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Into the receiver a, fig. 35, pat a small vessel 
of quicksilver, and through the collar of leather as 
at 6, suspend a glass tube, closed at the upper end, 
over the quicksilver. The appkratus thus situat- 
ed is to be placed on the Jnass plate of the air- 
pump, and the air completely eidiausted from the 
receiver, the tube is then to be let down into the 
quicksilver, which will not rise in it as long as the 
receiver continues empty ; but as soon as the air 
is re-admitted, all the surface of the quicksilver is 

grossed upon by the air, except that portion which 
es above the orifice of the tube ; it will therefore 
rise in the tube^ until the weight of the elevated quicksilver 
presses as fiircibly on that part of it which lies beneath the 
tube, as the weight of the air does on every other equal portion 
without the turo. 

7. A common experiment among boys is on the same prin- 
ciple. Take a piece of thick spongy soal leather, cut it into 
a drcular form, and through the centre pass a string; wet it 
tfaoropghly, and place it flat on a smooth sur&ce ; then try to 
pull it up in a perpendicular line. A vacuum is fonned in 
the centre, while the edges are pressed down by the weight of 
the atmosphere. In this way, a smooth stone of many pounds 
weight may be lifted. 

Ob», X, Hence the pressure of the atmosphere on or near 
the sarfiuse of the ear&i is known ; the weight of any column 
of air being equal to the weight of the column of mercury, of 
the same diameter, support^ in the barometer. Aod, since 
the height of this column varies with the weight of the atmos- 
phere, ^between 28 and 3t inches, equal to 33 feet of water,) 
the varieties in the weight of the atmosphere are known by 
the BAROMKTKB. The most usual altitude of the barometer, 
in London, is between 28 and 31 inches, but it is seldom seen 
below 28 1-2 or 30 1-2 inches. 

2. In calm weather, when it is inclined to rain, the mercury 
is commonly low. In serene settled weather, the mercury is 
generally lugh. During very gre^winds, though unabcom- 
panied with rain, the mercusy ^AlP%iwest of aU. 

2. The air presses equally in att directions^ 
Exp, 1. If a glass vessel be filled with water, and covered 
with a loose piece of paper, on inverting the glass, the water 
will be kept from falling by the upward pressure of the air. 

2. If a vessel be perforated in small hcies at the bottom, but 
(ilQsed at the top, t£s upward presisure of the air will keep the 
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water within the vessel ; as will appear by succes9ively step- 
ping and unstopping a small hole in the top of the vessel, or in 
drawing beer from an air-tight cask, 

3. Two brass hemispherical cups put close together, when 
the air between theii, is exhausted, will be pressed together 

with considerable force. 

4. A syringe being fastened to a plate of lead, and the piston 
of the syringe being drawn upwards with one hand, whilst the 
lead is held in the other, the air, by its upward pressure, will 
drive back the syringe upon the piston ; whereas, if the loaded 
sjnringe be hung in a receiver, and the air being exhausted, 
the syringe and lead will descend ; but upon re-admitting the 
air, they will again be driven upwards; 

5. If a thin glass vessel, whose aperture is closed, be placed 
under the receiver of an air-pump, and the air exhausted 
from the receiver, the vessel will be broken by the pressure of 
air within. 

3. The air is an elattic fluids or capable of compres- 
sion or expansion, 

Exp, I. A blown bladder, pressed with the hand, will re- 
turn into thfi form which it had before the pressure. 

2. An empty bladder put under a receiver, when the exter- 
nal air is exhausted, becomes extended by the elasticity of the 
interoal air. 

3. A bladder suspended within the receiver, with a small 
weight hano^ing from it, which touches the bottom, when the 
external air is exhausted, by the expansion of the internal 
air, will raise the weight 

4. The bladder being put into a box, and a weight laid up- 
on the lid, the lid, on exhausting the air, will be lifted up. 

5. If a tube, closed at one end, be inserted at its open end, 
in a vessel of water, the fluid in the tube will not rise to the 
level of the water in the vessel, being resisted by the elastic 
force of the air within the tube. On Ihis principle the diving 
bell is formed. j 

6. This bent tube ah cd, ng. 36, is open at both 

ends. I have poured mercury into the tube* so as 

.to rise in both sides of the tube c and b ; the part 

- from c d, is Ml of air at the conunon density ; I stop 

[^ up tf, so as to make it air tight, and pour mercury 

' into fl,^o that the column of mercury a 6 shall be 

equal in length to the height at which it stands in the 

barometer at the time. The air in the shorter leg 

will now be compressed by the weight of the atmos- 

' "ire, and also with an additional weight of a column of 
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mercory; and the mercury in the shorter leg will be risen to 
e, and « e is the only half of d c;. that is, the pressure of a 
doable atmosphere compresses the air to half the space which 
a natarally occupies. If another equal cdamn of meroury 
were added to the length a 6, the air in d c would be reduced 
into one fourth the space that it formerly occupied. 



7. a fig. 37, is a strong oopper vessel, having a 
tube that screws into the neck of it, so as to be 
air-tighty and long enough as nearly to reach the 
bottom; x is the handle of a stop-cock. Having 
poured some water into the vessel, and screwed in 
the tube, the condensing syringe is to be adapted, 
and the air condensed. The stop-cock is to be 
shut, while the syringe is unscrewed, then, on 
opening the cock, the air, l^ its great density 
acting upon the water in the vessel, will force it 
out in a jet to a considerable height. This is called 
the artificial fountain. 
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4. The elastic spring of the air ie equivalent to the 
force which compresses it, 

Exp, Let the air be exhausted from an open tube, whose 
lower part is inserted in a vessel containing a small quantity 
of mercury, and let the air within the vessel be prevented 
from escaping ; this air, by its elasticity, will force the mer- 
cury up the tube nearly to the height to which it would be 
raised by the pressure of the atmosphere. 

Obs. If the spring with which the air endeavours to expand 
itself when it is compressed, were less than the compressing 
force, it would jrield still farther to that force ; if it were 
greater, it would not have yielded so far. Therefore, when 
any force has compressed the air so that it remains at rest, the 
spring of the air rising from its elasticity must be equal to the 
pressure. 

5. The elasticity of the air is increased by heat, 
xp. 1. To the bottom of a hoUow glass ball, let an open 
bended tube be affixed. Let the lower part of*the bended 
tube and part of the ball be filled with mercury ; the exter- 
nal suHace will be pressed by the weight of the atmos- 
phere ; and the internal surface will be equally pressed hv 

6* 
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the springy of the air enclosed withio the vessel. If the ball be 
immersed in boiling water, the increased elasticity of the in- 
cluded air will raise the mercury in the small tube. The same 
may be shewn by immersing in boiling water, a tube, closed at 
one end, into which a small quantity of mercury has been ad- 
mitted, inclosing a portion of air wiUiin the tube. 

2. The wind is no other than .the motion of the air upon the 
sur&ce of the globe. The principal cause of wind, is, that 
the atmosphere becomes heated over one part of the earth 
more than over another. For, in this case, the warmer air 
being rarefied, becomes specifically lighter than the rest ; it is 
therefore overpoised by it, and raised upwards, tbe upper parts 
of it diffusing themselves every way over the top of Uie atmos- 
phere ; while the neighbouring inferior air, rushes in from all 
parts at the bottom ; which it continues to do until the equi- 
librium is restored. Upon this principle ii is^ that most winds 
may be accounted for. 

3. Fill a large dish with cold water ; into the middle of this 
put a water-plate, filled with warm water. The first Will 
represent the ocean ; and the other an island, rarefying the 
air above it. Blow out a wax candle, and if the air be still, 
on applying it successively to every side of the dish, the smoke 
will be seen to move towards the plate. Again, if the ambient 
water be warmed, and the plate filled with cold water, let 
the smoking wick of the caiidle be held over the plate, and the 
contrary w^l happen. 

6. The pressure of the atmosphere varies at diff'e- 
rent altitudes, 

Exp. Put a glass tube, open at both ends, through a cork, 
into a large phial containing a small quantity of coloured w^a- 
ter ; let the lower end of the tube be in the water, and let the 
cork and tube be closely cemented to the neck of the bottle. 
Then blow through the tube, till the quantity of the air witli- 
in the phial is so increased, that the water will rise above the 
neck of the phial. Let this phial be placed in a vessel of dfeuid, 
to keep the air within of the same temperature ; the water 
will stand at different heights in th^ tube, according to the 
elevation of the place where it is placed ; from whence is ap^ 
pears, that tlie pressure of the atmosphere varies at different 
altitudes. 

Carol. Hence the proportion of the specific gravity of air 
to that of water may be determined. If the diffenrence in 
height of the two places where the above experiment is 
made be 54 feet, and that difference cause a difference oi 
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3-4 of an inch in the heig^ht of the water ; it follows, that a 
column of water of 3-4 of an inch, or 1-16th of a foot, is equi- 
ponderant to a column of air of 54 feet, havings the same base ; 
therefore, the gravity of air to that of water, is 54 to 1-1 6th, 
or 864 to 1 . In ascending the mountain of Snowden, in Wales, 
which is 3720 feet perpendicular height, it was found, that 
the barometer sunk 3 inches and 8^10&s. 

PNEUMATIC INSTRUMENTS. 

125. The Syringe is a hollow tube with a small ori- 
fice at one end : at the other end is inserted a solid 
cylinder, so exactly fitted to the tube that no air can 
pass along its sides, and a fiied handle to the solid 
cylinder. If that end of this instrument which hais 
the smaller orifice, be drawn back, a vacuum will be 
produced within the syringe ; and the pressure of the 
atmosphere on the eiurface of the water, meeting with 
no opposite pressure, will force the 'water into the 
tube, from whence it may be forcibly expelled by 
pushing down the piston. 

126* The Condenser is used to force air into any 
vessel ; it is a syringe, having a solid piston, and a 
valve in the lower part of its barrel which opens 
downwards. By thrusting down the piston the air is 
forced through the valve, which is siflerwards held 
close by the elasticity of the condensed nir. When 
the piston is lifted up, a vacuum is produced, till it is 
raised above a small hole in the barrel, when the air 
rushes in, and is again discharged through the valve. 

127. The AiR-GuN, is an instrument, in the form 
oftft gun, by which a quantity of condensed air is sud- 
denly set free, and drives a ball through the barrel 
with great force. 

128. The Barometer is a very useful instrument 
for determining the variations of the weather. 

Kxf, 1. If a glass tube of about 32 or 33 inches long, herme- 
tidily sealed at one end, be filled with mercury, and then in- 
rert^ into a basin of the same fluid, the mercury in the tube 
wUl stand at an altitude above the surface of tliatin the \»^' 
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between 28 and 31 inohes. A tube ihoB filled, and graduated 
from 28 to 31 inches^is called a baremeter. Hence, as a cu- 
bic inch of water weighs 253.18 grains Troy, a cubic inch of 
air weighs 0.286 grains, and if mercury be 14 times heavier 
than water, the specific gravity of air is to that of mercury 1 
886X14=12390. 

2. Now the mercury in the barometer tube will subside, till 
the ooluiMj^ equivalent to the weight ef the external air up- 
on the simace of the mercury in the basin, and is therefore a 
true criterion to measure that weight, and chiefly directed to 
that purpose, in order to foretel the changes in the weather. 

Obs. 1. If each inch in the scale of variation be divide into 
ten equal parts, marked 1, 2, 3, increasing upwards, and a 
vtrrtier whose length is 1 1-lOth of an inch, be likewise divi- 
ded into ten equal parts, increasing downwards, and so placed 
as to slide along the graduated sc^e of the barometer, the al- 
titude of the mercury in the tube, above the surface of that in 
the basin, may be found, in inches and hundredth parts of an 
inch, by this vernier. If the surface of the mercury in the 
tube does not exactly coincide with a division in the scale of 
variation, place the index of the vernier even with this sur- 
face, and observing where a division of the vernier exactly 
coincides with one of the scale, the figure in the vernier wiU 
shew what hundredth parts of an inch are to be added to the 
tenth immediately below the index. 

2. If the atmosphere were homogeneous, its altitude would 
be easily found; For when themercury stood at 29 1-2 inches, 
the density of the air being to that of mercury as 1 to 12390; 
consequently, the altitude of an homoeeneous atmosphere 
would be equal to 12390X29 l-2=s5.77 miles. 

3. The barometer has been applied to the measuring of Hie 
heights of towers^ tnountains, &c Since 12390 inches of air, 
near the sur&ce of the earth, are equal to one inch of mercu- 
ry, 1239 inches, or about 103 feet of air, must be equal to 
1-lOth of an inch of mercury. Therefore, if a barometer be 
carried up any great eminence^ the mercury will deflkid 
1-lOth of an inch for every 103 feet that the barometer as- 
cends. 

1 29. The Thermometer is an instrument calculat- 
ed for measuring the temperature of the air, and bo- 
dies, and is usually a cylindrical glass tube, containing 
spirits of wine, mercury, &c. which fluids ai'e found 
to swell and occupy different portions of the tube in 
"Cerent temperatures. 
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Ob». The balb, and part of the tube is filled with qaickail- 
yer ; this coDtracts and expands as the instrument is exposed 
to more or less heat, and consequeotly the temperature of 
contiguous bodies is shown by its rise and fall in the tube, 
which is measured by a scale . 

2. The Thermometer chiefly used in Great Britain, is that 
constructed by Fahrenheit ; in which there are 180 divisions 
between the freezing point being reckoned 27? above zero^ 
or the commencement of the scale ; consequently the l>oilin|^ 
water point it Sl^** 

3. The soale on Reaumur'^ thermometer, which is prin- 
cipally used on the Continent, begins at the freezing point, 
and proceeds both ways, from to zero. From freezing to 
boiling water are 80 degrees. 

4. Since the thermometers of Fahrenheit and Reaumur 
are those mostly in use, it will be often found convenieot to 
be able readily to convert the degrees on Fahrenheit's scale 
into those of Reaumur, and vice versa : and as one degree 
on Reaumur'ff scale is equal to 2.25^, or (o 90*4th of Fah- 
renheit ; and as the former soale places the freeiring point at 
zero, and the latter places it as 32; the following canons win 
reduce the degrees on the one to the corresponding one on 
the other. 

O^^.To convert the degrees of Fahrenheit into those of Reau- 
mur ; F— 32 X 4a=U : thus the 167<) of Fahrenheit answers 
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to the 60^ of Reaumur. 

To convert the degrees of Reaumur to those of Fahren- 
RX9 

heit: |-32=F. 

4 

Tbnsthd'40Q of Reaumur answers to the 122<' of Fahren- 
heit. 

5. Mr. Wedgewood contrived a thermometer for measur- 
ing higher degrees of heat, by means of a property of argilla- 
ceous bodies, viz. the diminution of their bulk by fire. This 
diminution commences in a dull red heat, and proceeds regu- 
larly, as the heat increases, till the clay becomes vitrified. 

Each degree of Wedge wood^s thermometer answers to 130 
degrees of Fahrenheit; and he begins his scale from 1077 o 
Fahrenheit. 
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Degree$ of Degrees of 
Fahrenheit* W^igewoo^m 
Ca3t iron melts - - 21877 160 

Fine ^Id melts - - 5237 32 

Fine silver melts - - 4717 2B 

Mkrcvrt boils - • 600 

Cow's milk boils - - 213 

'Water boils - • 212 

Heat of the human body * 92 to 99 

^ATBR ERBEZES and SHOW melts 32 

Milk freezes . ^ 30 

Strongs wine freezes • 20 

Mercvrt prekzes - ^ --39 or 40* 

130. The HYGROMETER is an instiximeiit for mea- 
suring the degrees of moistare in the air ; of which 
there are various kinds ; for whatever contracts and 
expands by the moisture and dryness of the atmos- 
phere, is capable of being formed into a hygrometer. 
$uch are most kinds of wood ; catgut, twisted cord ; 
the beard of wild oats ; the weather house, &c. 

QUESTIONS ON PNEUMATICS. 

What is the object of the science of pneumatics? 

'What is the attnoiphere ? 

To what height does the atmosphere extend ? 

How may the existence of the air be ascertained? 

How mach lighter is air than water ? 

How is the pressure of the air shown f 

How is it known that the pressure of the atmosphere de- 
Qreases upwards ? 

What is said concerning the elasticity, or expanding natnte 
of air? 

How is this illustrated ? 

Whatismn<f.? 

What is an air-pump? 

How is it demonstrated that the air has weight f 

What is said concerning the variation of the mercury in the 
barometer tube ? 

What experiments show that the air presses equally in all 
directiens ? 

How is it proved that the air is elastic? mention the expe* 
riments. 
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What is said of the force of the elastic springy of air«? 

What experiments demonstrate that the elasticity of ^r ia> 
increased by heat? 

What simple experiment proves that the pressure of the^^t- 
mosphere Taries at different altitudes f 

What is a syringe ? 

Describe its action. 

Describe the condenser. 

How is the air-gfun constructed? 

What is the use of the barometer f 

How is it constructed ? 

What is the rule for measuring altitudes with theharomob^ 

What is the thermometer ? 

On what principle does it show the temperature of air, and 
of other bodies ? 

What thermometers are chiefly used in England and in |his 
country ? 

How is it graduated ? 

What are the freezing and boiling points? 

What is the hygrometer? 

Of what substance may it be constructed .? 
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131* Acoustics is the science which treats of the 
nature, phenomena, and laws, of the sense of sound, 
it extends to the theory of musical concord and harmo- 
ny, and is therefore, a valuahle and interesting science. 

132. Sound is considered as arising from vibrations 
ia the air, communicated to it by vibrations of the 
sounding body, acting in pulsations or concentric 
waves, like the surface of water when a stone is 
thrown into it. 

Ohs, If when a piece of artillery is fired at a distance, some 
(lust floating in the air, or a cobweb be closely inspected, it iftoll 
be seen to be agitated at the instant when the report is heaifd... 
This proves that the vibrations of the air travel with the sante 
velocity that sound does, and that it is by means of tbese vi- 
brations striking-on the ear-drum that sounds are coTiveyed* 

133. A sonorous body, whilst soundings is unques^ 
tional>ly in a state of vibration, and the air^ by similar 
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vibrations, communicates and propagates these vibra- 
tions. 

134. The chief causes of the variety of sounds, are. 

First, the greater or less frequency of the vibration^ 

Secondly, the quantity or force of the vibrating materinls. 

And, Thirdly^ the greater or less simplicity of the soands. 

Hence arise the height, the strength, and the modi- 
fication of sounds. 

Obi. When sounds are equally acute, they are said to hai^e 
the same pitch ; but when they differ in acuteness, that sound 
which b shriller is said to be acute, or to have a higher pitch ; 
and that which is less shrill, is said to be graver, or to have a 
lower pitch, or a deeper tone. A difference in pitch, forms 
the chief character by which musical sounds are distingaisbed 
from each other, and is the foundation of their use in music. 

135. The vibrations of a sounding body, continue 
for a longer or shorter time, according as the body is 
more or less elastic, or as it is thicker or thinner. 

««i^ 'i, ExamA. When a string of uniform 

shape and quality is stretched be- 
itween, and fixed to, two steady pins, 
as a by fig. 38, if it be drawn out of 
P its natural or quiescent position a b^ 

into the situation ach, and then be let go, it will in conse- 
qaence of its elasticity, not only come back to its position 
a bt bat it will go beyond it, to the situation adb, or nearly 
as far from a b, d^ac b was on the other side. All the motion 
OD6 way, is called one vibration : after this, the string will 
go again nearly as far as c, making a second vibration ; then 
nearly as far as d, making a third vibration, and so on ; di- 
minisbtng the extent of its vibrations gradually, until it set- 
tles again in its original position a b. 

Obi, 1. During the whole of these vibrations, the string 
will forcibly acton the air and produce corresponding vibra- 
tions in it, which, reaching and entering the ear, produce on 
the nerves therein, the sense of sound. 

2. The following experiment indicates a curious accord- 
autfe of vibration, and proves that the air re-acts in the exact 
lft# of the original vibration. 

M Exp. If you divide a string as a by fig. 

■Jl-^ *9 .41', j 39, into three equal parts, a6, be, ed» by 

1 ^1- 1 placing dots at c and b ; place a bridge 

like a violin bridge, at by also place 

light bodies, such as small bits of paper. 
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at£,aiid other places of the part b d. Then draw airioliiiboW 
oyer the part ab; you will find that all the bits of paper will 
be thrown off from the part b d, excepting the one at e; shew- 
ing that the point t remains at rest, whilst the remainder of 
the string is vibrating, just as though c also had a stop, as %ib. 

136. Sounds in general are conveyed to the ear 
by means of the air: but water is also a good Con- 
ductor of sound ; as are timber and flannel* ^ 

Exp. 1. A bell rung under water returns a tone as distinct 
as if rang in air. 

2: If you stop one ear with a finger, and the other by prenv^ 
iog it close to along stick or piece of deal board, and a watcfaf 
be held at the other end of the wood, the ticking will be heard|. 
be the stick or board ever so long. 

3. If you tie a poker or any piece of metal on the middle 
of a strap of fiannel, about two or three feet long, and then 
press with the thumbs or fingers the ends of the flannel in your 
ears, while yeu swiog the poker against an iron or steel fender, 
you will hear a sound like that of a very heavy church belK 

4. If two persons stop their ears, they may converse with 
each other, by holding the two ends of a stick between their 
teeth, or, only resting the ends of the stick against their teeth. 
The same may be done by a series of sticks, with the ends 
touching each other. The same effect is also produced if the 
end of the stick rest on the throat, or breast, or if one end of 
it touch a vessel into which the other speaks. In the last in-^ 
stance the sound is most distinct if the vessel i» capable of a 
tremulous motion, as one of glass, bell metal, or copper. 

Sound may also be conveyed from one person to another hf 
a string stretched between their teeth. 

137. Sound travels at the rate of 1)42 feet in a 
second, or about 13 miles in a minute. This is the 
case with all kinds of sounds : the softest whispet 
flies as fast as the loudest thunder. 

06«. The velocity of sound has been applied to the measure* 
ment of distances. 

1. A ship at sea in distress fires a gun, the light of which is 
seen on shore 20 seconds before the report is heard, therefore 
it is known to be at the distance of ^ limes 1 148 feet, or little 
more than 4 1>3 miles. 

2. 1 see a vivid flash of lightning, and if in three seconds I 
he«^atrMn«ndQQi| dap of* thunder, t instantly know tliat th# 

X 
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thunder doad h only two-thinls of ft mile dutant, I diould 
therefore retire instantly frqm any exposed situation. 

3. The pulse of a healthy person beats about 76 times in & 
minute ; i^ therefore, between the flash of lightning and the 
thunder I can feel I, 2, 3, 4, Sic. beats of my pulM, I kno^r 
the doud is 900, 1800, 2700, 36,000 feet from me. 

138. Soand, like light, afler it has been reflected 
from several places, may be collected into one point 
as a focus, where it will be more audible thau in any 
other part ; and on this principle whispering gal- 

XSRIE8 are constructed. 

Obi, In the reflection of sound as well as of light, the ang^le of 
reflection is equal to the angle of incider :e. By the same law 
therefore, sound may be coUected into a focus. 

Eaep» 1. If the pulses of air conreyiiig sound be suffered to 
impinge on a concave surface, the reflected vibrations are 
QOnrerged into a focus. 

2. The same efiect is produced whenever a numl^r of plain 
anriaces are so situated that the reflected sounds meet, and 
cross each other at a certain point. If the ear be placed at 
this point, the sound will be audible in proportion to the num- 
ber of sur&ces so placed. The famous whispering gallery at 
St. Paul's is on this principle. 

139. Speaking Trumpets, and those made to assist 
the hearing of deaf persons, depend on the reflection 
of sound from th^ sides of the trumpet, and also by its 
being confined and prevented from spreading in every 
direction. 

Obi. 1. A flpealdng trumpet, to have itii fuU effect, must b« 
directed in a line towards the hearer; the report of a gun or 
Qtnnon is much louder when fired towards a person, than one 
placed in a contrary direction. 

8. The human voice is produced by the espulaion of air 
from the lungs, and by the vibratiooi excited in that air, by a 
very miall membrane called the ghitii^ in its passage throi;^ 
the trachea or windpipe ; and by the subtle mocfificatioQ of 
Qie mouth, tongue, and lipc 

. 3. Singing ii performed by a very delicate enlargement or 
ooatraetioa of &e glottis, aided likewise by the mou^ and 
tongue fi>r artieulatioB. 

4. In iitthag&l inatramentsthe air is strtt6k by the string, and 
thf nbcitunfoCtheair prodaoo oocroqpoiidiiigwindsiatbs 



AcousTies. "TS 

; but in pipes Hie air is forced against the sides by the 
breath, and its vibrations or tones produced by the re-aetionaf 
the sides. 

140. An ECHO is the reflection of sound striking 
against a surface fitted for the purpose, as the side of 
a house, a brick wall, hill, &c. and returning back 
again to the ear, at distinct intervals of time. 

06f . I. If a person stand about 65 or 70 feet from such a suiw 
fiice, and perpendicularly to it, and speak, the sound will strilre 
against the wall and be reflected backi so that he will hear it 
as it g^oes to the wall, and again on its return. 

2.^ If a bell situated in the same w ay be struck, and an ob- 
server stand between the bell and the reflecting surface, he 
will hear the sound going to the wall, and again on its return* 

3. If the sound strike the wall obliquely, it will go off ob- 
liquely, so that a person who stands in a direct line between 
the bell and the wall, will not hear the eohow 

141. Concord is any succession of sounds that ex- 
cite in the ear certain agreeable sensations. Sound is 
therefore the subject matter of musical science. Har- 
mony is the coincidence of two or more sounds,, which 
by their union afford to the mind pleasure and delight. 

Oba 1 . Concord arises from the agreement of the vibrations 
of two sonorous bodies ; so that some of the vibrations of eac^ 
strike upon the ear at the same instant. 

Thus if the vibrations of two strings are performed in equal 
times, the same tone is produced by both, and they are said to 
be in unison. If the vibrations strike the ear at different times^ 
there is iio unison, and consequently a dUeord is produced. 

Obi, 2. Concord is not confined to unison. In this caae nd 
variety of tones would be produced. It is the effect of flgw- 
ment between vibrations. 

IUu$. If the vibrations of one string arc double those of an- 
other in the same time,, the second vibration of the latter will 
strike upon the ear at the same instant with the fir^t vibration 
of the former : this makes the concord of an octave. 

142. Two strings of equallength, tension and thick- 
ness,by performing their vibrations together, will sound 
the same note, or be in unison. Two pipes of the sdme 
length and diameter will agree in the same manner:^ 
Large instruments & long strings produce grave or decrp 
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itones : small instranients and short striogs produce 
acute and high tones. 

Obi» In the case of the striogs, the air is struck by the 
body, and the sound is excited by the vibrations : in that of 
the pipes the body is struck by the air, but as action and re- 
action are equal, the effect is the same. 

2. Let a musical string of any leng;tJh be divided into 
two equal parts by a bridge in the middle ; and the sound of 
each half is eight notes, or an octave, higher than the tone of 
the whole string. 

Organ pipes produce grave or acute tones in proportion to 
jtheir length and size. It is the shortest string of a harpsichord 
which yields the highest notes. 

143. Sounds maybe conveyed to a much greater 
distance through a continuous tube, than through the 
open air. 

lUus^ Pipes are used in taverns, running firom one room to 
another to convey orders to the servants. 

Dr. Herschel employs a similar tube attached to his forty 
feet telescope (or communicating his observations to an assist- 
ant who sits in a smaU bouse near the instrument; and thus 
under cover notes them down the particular time at which 
they w^re made, 

Obs, The tubes used to convey sounds are called aemutic 
Inbes. 

It is by means of such tubes that the deception of what is 
called the invitibU lady is carried on. In this exhibition a 
square railing of wood is fixed in the middle of the room, and 
within the railing a globe is fixed, having four trumpets insert- 
ed into it,one opposite to each side of the railing. The specta- 
tors ask a question by speaking into one of the trumpets, and 
then on holding the ear to the same trumpet, they receive 
the answer^ This deception is performed by conveying the 
sound by tubes which are carried from one room to another 
under thie Mooring, and within the bar of the railing to^ small 
aperture opposite to the mouth of the trumpet. When the 
question is asked it is conveyed by this pipe to a person 
placed in the next room, and the reply is conveyed back to the 
trumpet by the same tube. 

QUESTIONS ON ACOUSTICS. 

Qf what does the science of acoustics treat ? 

How does sound arise, and how is it communicated f 

fl9W is thii proved f 
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What arethcprincipal.causesofthe varieties of flonndi? i 
TV hat is said aboat this pitch of a sound ? 
On -what does the coatinuanee of Tibratioii» depend, for ft 
longer or shorter time f 

What other sabstances besides air conduct sound ? 
Giye illustrations of the power of liquids and solids to coil- 
duct sounds. 
AtHv^hat rate does sound travel throug^h the air ? 
What is said about meesuring distances by the velocity of 
sound ? 
On what principle are whispering galleriea constmeted? 
What is said of plain and concave surfiMCs in convergil^ 
sound into a focus f 
On what principle are 8peaking irvmptU constructed ? 
How is the human voice produced ? 
What parts are concerned in the modulation of the voice 
ia singling? 

How does the production of sound by pipes differ irom that 
by strings ? 
What is an Echo? 
How is this accounted for ? 

What is said concemiog the refleotion of lightand lOQiid fol- 
lowing the same laws f 
W hat is eoncortf/ 
From what does concord arise ? 
When will two strings^ or two pipes be in unison? 
How may sounds be conveyed to a greater distance fhi^ 
through the open air ? 
What is said of Dr. Herschel ; the inoUibk lady^ $ic f 
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THE LAWS OF LIGHT AJ^D VlStOJ^. 

144. Light consists, either of small particles enia* 
nating from a luminous body, or of vibrations excitei 
by combustion in an universal medium, which, pro« 
ceeding to the eye, produce the perception of TtWoo. 

06t. 1. It is evident we cannot see apy object by willing or 

ViihiM; Ukjm it^ibut that somethias must pen from Hm eb<« 

. . ,1./ ,•-'.« . . f *" • . 
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ject to the eye, because no effect can take place witboat a 
proximate cause. 

2. Sir Isaac Newton supposed rays of li§;ht to consist of ex- 
ceedingly small particles, infinitely smaller than sand, moring 
jfrom luminous bodies ; but the moderns suppose them to con- 
sist of the undulations of an elastic medium, which fills aU 
space, and which produces th^ sensation of light to the eye, 
just as the vibrations of air produce the sensation of sound to 
the ear. Vfe shall not prefer either hypothesis in these 
pages, because either of then) will account equally for all the 
phenomena pf light. 

145. A Ray, or pencil of Light, is any exceedingly 
small portion of light which comes from a lupainous 
body. A Beam of light, is a body pf paf allel rays ; a 
/'enct7of ray8,is a body of diverging orconyerging rays. 

146. Any body which is transparent, or which af^ 
fords a ready passage for light, is cdied a transparent 
fdediumy as air, glass, water, &c. Bodies which do 
not allow the passage of light through them, are 
called Opo^iie, as stone, wood, &c. 

147. Rays of light which coming from a point, con- 
tinually separating as they proceed, are called Diverge 
ing Rays* Rays which tend to a common point are 
cadled Converging Rays. When the lines in which 
t|iey move are parallel, they are called parallel rays. 

)48. The point from which diverging rays proceed, 
|8 called the radiant point; that to which converg- 
ing r^ys are directed is called the focus, A ray of 
U^t, bent from a straight course in uie same medium, 
is said to be inflected ; when turned back on the surface 
of a body, it is said to be reflected; and, when turned 
out of its course in passing out of one medium into 
another, it is said to be refracted. 

149. Eve^ visible body emits particles of light, or 
reflects vibrations from its surface in all directions, 
^Hhicfa, passing without any obstruction, move within 
tjhe same medium in right hues, 

Chi. Wherever a spectator is placed in respect to the lumi- 
«^'^«« body, erery point of (bat partisf tb« iorfteeoWtaiclr vfk 

b4 toifards hjqi u TisiHci t0 him } the pvticlei of vibnii^ 
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(ions of light are, therelbre, emitted in all directions, and 
those rays only are intercepted in their pawag^e by an inter-* 
posed object, which wonld be intercepted upon the supposi- 
tion that the rays more in rig;ht lines. 

Exp. 1. Let a portion of a beam of light be intercepted by 
any body ; the shadow of that body Will be bounded by right 
^nes passing from the luminoas body, and meeting the lines 
wjiich terminate the opaqae body. 

2. A ray of light, passing throagh a small orifice into a 
dark room, proceeds in a straight line. 

3. Rays will not pass throagh a bended tube. 

4. Rays of light may, therefore, be properly represented 
by right lines. 

150. Rays or vibrations of light mdye with great 
Telocity ; for the flash of a gun, fired at a considera- 
ble distance, is seen some time before the report is 
heard. The clap of thunder is not beard till some 
time after the lightping has been seen. 

Obs. This proposition is proved by observation made on the 
satellites of the planet Jupiter,'and on the aberration of the 
rays of light from the fixed stars, from whence it will be seen, 
that (he velocity is at the rate of 200,000 miles in one second 
of time. 

151. The particles of light must be exceedingly 
small, if they are particles ; or the force of the vibra« 
tions must be very delicate ; otherwise their velocity 
woi|ld render their momentum too great to be endured. 
by the eye without pain. 

Exp. 1. if a candle be lighted, and there be no obstacle 
to obstr'act.the progress of its rays, it will fill all the space 
within two miles every way belbre it has lost the least sensi* 
ble part of its substance. 

2. Rays of Ugfat will pass without confusion through a 
small puncture in a piece of paper, from several candles in 
a line parallel to the paper, and form distinct images on a 
sheet of paste-board placed behind the paper. 

152. The quantities of light, received fromalU" 
minons body upon a given surface^ are inversely as 
the squares of the dUtaocea of th^ siiriace from tto 
}WQinoii0 bod^. 
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Obi, The direct light of the son is calculated to be ^ual to 
that of 6560 candles placed at the distance of one foot from t&e 
object ; and that of the moon to the light of one candle at 7 t *^ 
feet distance, of Jupiter at 1620 feet, and of Venus at 421 feet. 

Exp. The light, passing. from a candle or anyluminoas 
body, will diverge as it proceeds, and will illuminate surfaces, 
which surfiices will be to each other as the squares of their dis- 
tances from the candle. Thus, if at the diitance of one foot, 
the candle illuminates any surface, at double the distance it 
will illuminate a surfiice equal to four times, and at the distance 
of three feet it will illuminate a surface equal to nine times, 
-and, consequently, the surfiLcea illuminated are as the squares 
of the distances, 1, % and 3. ^ 

153. If rays proceed from a radiant point at an in- 
finite distance, their divergency is so trifling, that they 
may be considered as parallel. 

Obs. 1. Heuce all the rays which could come from the cen- 
tre, or any other given point, of the sun^s surAice, are consider- 
ed as parallel at the immense distance of the earth. 

40 B «.JP. B ^F 







2. To understand the nature of the convergency, divei^gen- 
ey, and parallelism of rays of light, see fig. 40. A^sandle at 
C divergei rays of light towards x. They are said to converge^ 
when considered as flowing from x towards C. And to be 
parallel as flowing from x towards a and 6. C is the focui of 
the converging rays ; and the imaginary focus of the diverging 
rays. 

154. When rays of light pass obliquely out of one 
transparent medium into another, which is either more 

. dense, or more rare, they are bent out of their former 
course, and they are then said to be refracted. 

155. Rays of light are always refracted ttmards a 
perpendicular to the surface in a dtnter medium ; and 
Ihis refraction is, more or Iess,in proportion as the rays 
iMl) more or less, oblitjuely on the rofractiiiig ^ur&ce» 
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Exp» Let B C, %. 41, be supposed to be a ray of Ug^t passt 
ing; out of air into water or glass, L G, at the point C ; K K 
is a line drawn perpendicular to L G, and the ray B C, instead 
of proceeding sdong C H will in so passing, be bent towards 
the perpendicular C as long as CI. 

156. On the contrary, when light passes out of a 
denser into a rarer medium, it moves in a direction 
farther from the perpendicular. 

Exp, 1. Thus if the ray C I, fig. 41, pass out of the glass inrr 
to air, it will not proceed in C « but in the direction C B, fur- 
ther from F C thin C. 

2. Take a pan A B D C, fig. 42, with an upright side, into ai 
darli: room ; let in, by means of a small hole in a window shut- 
ter, a ray of light G B, so as to &11 upon the bottom of the pan 
at E ; mark the spot E ; then without moving the pan, fiU it 
with water, and the ray now will not p^ss on to E, but will be 
refracted down to F, The candle G will answer as well as 
the direct rays of the sun. 

3. If a shilling be stuck on the part F with wax, so that an 
eye at G cannot see it when the pan is empty, it will become 
yisible the moment the paii is filled with water. 

4. Take a glass goblet half full of water and put a shilling 
into it, then put a saucer or plate upon it, and holding it tigl^ 
on, turn plate and glass together ; a by-«tander unacquainted 
with the Uws of refraction, will suppose that he sees a shilling 
and a half crown ; the one is seen by refi:uction through the 
w^ter, the other by the rays after refraction at the surface. 

167. The Angle of Incidence^ is that which is con- 
tained between the line described by the incident ray, 
and a line perpendicular to the surface on which the 
ray strikes, raised from the point of incidence. Thus 
in fig. 41, the angle 6 C K is the angle of incidence. 

158. The Angle of Reflectionjis that which is con- 
tained between the line described by the reflected ray 
and a line drawn perpendicularly to the reflecting sur^ 
face at the point in which the ray passes through that 
surface. Thus, in fig. 41, E C K is the angle of re- 
flection. 

1 59. Availing themselves of the principle of refrac- 
tion^ philosophers have so contrived surfaces, that the 
perpendiculars to them coivstantly vJiry, and prodr 
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new and important eflfects. This they hare done by 
means of convex and concave glass lenses^ so as to col- 
lect or disperse the rays of light which pass through it. 

160. There are varioas kinds of lenses named ac- 
cording to their forms. 

^^/ k W A Y \ Ap/aito-convex/enshasone 
3 g »*i ' . || I ■ m — > ■■ »■ B , A; 8i<^g flat, and the other con- 

A plano-concave is flat on one side, and concave on 
the other, as B, fig. 43. 

A double-convex is convex on hoth sides, as C,fig. 43. 

A double-concave is concave on hoth sides^as D,^*43. 

A meniscus is convex on one side^ and concave on 
the other, as £, fig. 43. 

The axis of a lens, is a line passing through the 
centre : thus F G is the axis to all the five lenses. 

161. If parallel rays fall upon a piano-convex lens, 
they will he so refracted as to unite in a point behind, 
called the principal focus, or focus of parallel rays. 

Exam. Thus the parallel rays a 6, fig. 40, fidling upon th« 
Uns are refracted towards the perpeadioular C a and unitt in 
a focoB at C. 

162. The distance from the middle 
.of the glass to the focus, is called the 
focal distance ; which focal distance 
a plano-convex lens is equal to the 
"diameter of the sphere of which the 
lens is a portion, fig. 40,and the focal 
distance of a double-convex lens, is equal to the radi- 
us of a sphere of which the lens is a portion, fig. 44. 
1 63. All the parallel rays of the sun which pass 
through a convex glass as D£, are collected in its fo- 
cus f and the force of the heat at the focus is to the 
common heat of tbe sun, as the area of the glass is to 
the area of the focus. 




OF optics. 63 

tlhu. IfaUiuibUr inchetindiainetereollect tbenin'iraya 
kito a Ibeiu ■! tbe diitinea of twflve inchet, tha image inll 
not be wore than one-teBth of ui inch indituneter, the lurface 
of this little circle i> 1600 time< ten than the larfacc of the 
luu, mnd consequently the heat will be 1600 times greater at 
ths focDi thas at the lem. 

Cor, 1. Heoee the conatruedon of eraimon bumii^-glaiBM, 
which are all double convex lensei. 

Z. HoDM the reason iffij fomitare ha* been let on £ra bj 
lesring; a etobnlar decanter of water ineauliouilf espoHd b) 
the raja of the nin, which acts aa a double convex lens, 

164. If aDoUter double conTex FG, fig. 44, be 
placed in the rays at the flame distance from the focni, 
i> will an refract the rays back BgiuD, that tfaej wilt 
go out of it parallel to one another, 

lUui. It iaevident that all tbe rayi, except the middle onei 
erosa each other in the focui/, of coarse the ray DA. which is 
uppennost in foing in, is the lowest in g^oing out, as G e, 

£171. 1. IT acaadletw placed >,t/, the divetpng rays between 
F O, will, upon going; out of the lent, become parallGl at d c. 
% If a candle be placed ne>,rer the glua than thefDCaa.tha 
rays will divergi, ailer going ihrou^ Uie lena. 

S. If the candle be plaowl fiu^er from the glesa than the 
(bena, the nya win eonvrr^i after pairing throDgfa the glias, 
and meet in a point which will be more or len diitant from 
the glass, as the candle is nearer to, or farther from, its focus. 
4. When the raya meet, they will form an inverted image of 
the flame of the cuidJe. Suppwe B, a candle, fig. 46, and C a 
convex lens, then oa a dark akraen D, the image K ofthecan- 
■He will be produced, and will be rereraed, t>ecauge the njs 
cron eaA other m pMung UiroDgh the lena. 
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5. iranobj«ctABC,figr.45, 
^ be placed beyood the focm F of 
the glass d e/, some of the rays 
which flow nxnn every point of 
the object on the side next the 
glass, will All upon it, and after 
passing through it they will be 
'oonveiged into as many points 
on the opposite side of the glass, where the image of the whole> 
will be formed, wluoh will be inverted. Thus the rays flow- 
ing from A, as A (f, A e, A /, will conYerge in the space de f^ 
and by meeting in a will there form the image of the point A ; 
and so of those rays flowing, from B and C, wad of course of all 
the intermediate parts. 

6. If the object A B C, be brought nearer the glass, the pic- 
ture a be will be removed to a greater distance from it. 

7. The picture will be as much larger or less than the ob- 
ject, as its distance fi^m the glass is greater or less than the 
distance of the object. 

165. When parallel rays pass through a double 
concave lens, they will diverge after passing through 
the glass, as if they had come from a point in the cen- 
tre of the concavity of the glass. 

Exam. If the rays abe^ &c. fig. 47, 
pass through A B, and C be the centre 
[of concavity, then the ray a after pass- 
ing the glass, will go on in the direction 
k /, as if it had come from e and no glass 
J^^'^^V^*^ in the way; the ray 6 will go on in the 
^^ direction m n, and so on. 

166. When parallel rays pass through a plano-con- 
cave lens, they diverge alter passing trough it, as if 
they had come from a point at the distance of a whole 
diameter of the glassy concavity. 

167. The following are the principal phenomena 
of rays in connexion with various lenses ; 

Oba. 1. Through a emwex tufface^ passing out of a rarer into 
a denser medium, paralUl rays will become convei^ging. 

Diverging rays will be made to diveige less, to become pa- 
rallel, or to con veige, according to the degree of divei^ency bCf^ 
fore refraction, or of the oonvexity of the surface. 




OF OPTICS. 85 

Converging rayi towardB the centre of convexityf will suf- 
fer no refrftction. 

Ccnvtrging ruy$ to a point beyond the centre of convexity^ 
will be made more converging. 

Comtrging ra^t towards a point nearer the surface than the 
centre of convexity, will be made leas conveiging by refrac- 
tion. 

But When the rays proceed out of a denser into a rarer me- 
dium, the reverse occurs in each case. 

% When rays proceed out of a rarer into a denser medium, 
through a cobgavb ivapacb Uparallelhefoxe refraction, th^ 
are made to divulge. 

If they are (ftvet^€ii/y they are made to diverge more, to suf- 
fer no refraction^ or to diverge less, according as they proceed 
from some point beyond the centre, from the centre, or from 
some point between the centre and the sur&ce. 

If they are e^nvergentrihey are either made less conveiging, 
parallel, or diverging, according to their d^;ree of conveigenoy 
before refractions 

And the reverie, in passing oi^t of a denser into a rarer me- 
diom. 

Exp» Most of the preceding propositions may be confirmed, 
in a room from which all e^tenial light is excluded, by placing 
a convex lens, or concave, fixed in a frame which moves per* 
pendionlarly upon an oblong bar of wood, or table, at different 
distaacee from a lighted candle placed perpendicularly on the 
same bar of wood, and receiving the images upon white paper. 
Upon this bar of wood, on one side of a line over which the 
convex lens is placed, let a line perpendicular to the last men- 
tioned line be divided into parts, 1, 2, 3, 4, &c. eadi equal to 
the distance of the focus of parallel rays; and on the other side 
of the lens, let a line be divided in the same manner, and let 
the first diviaon, which is ferther from the lens than the focus, 
be subdivided into parts respectively, equal to 1-2, 1-3, 1-4, 
&e, of the distanee of the fi)cuB of pwrallel rays : if a candle be 
placed over the division 2, it will Ibrm a distinct image on a 
paper held over the division 1-2 : if a ^andle be over 3, the 
miage will be at 1-3, &o» whence it appears, that the distances 
of the correspcndent fbnA vai^ reciprocally ; or by holding 
a large douUe convex lens, osbnming glass, in the sun's rays, 
and receiving the image on wmte paper, or other substance at 
different distances. 

168. Whenraya of light strike against a smooth sur- 

AiQpi CBid sore sent back from it, they are said to be r&^ 

8 
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vLzctZDy and the ray tliat comes from any luminois 
body, and falls upoa the reflecting sur&ce, is caUtd 
the incideni ray. 

Exam, If L G, fi^. 41, be a refleeting surface, as a looloi^ 
g^lass, then B C is the incident ray, and C £ it the nJUeted ray. 

159. The angle of incidence is that which is con- 
tained between the incident ray, and a perpendicular 
to the reflecting surface in the point of reflection, as 
B C K, fig. 41. The aiigle of fefUeiion is that con- 
tained between the perpendicular and the reflected 
ray, as K C £, fig. 41. And the angle of incidence 
and reflection are always equal. 

" be drawn, which are perpendicular to the 
concave surfiu$e a e, and it will be found, 
jthat the angle of incidence tf a e, is equal 
'to the ajogle of reflection Cam, and c c C 
& equal to C e m. 

2. Sir Isaac Newton explains the cause of refleetioo by 
supposing, that light, in its passage from the luminous body, is 
disposed to be alternately reflected by, and transmitted through 
«ny refracting surface it may meet with ; that these dbposi* 
tions, which he calls fits of easy reflection and easy tranani^ 
•ion, return successively at equal intervals ; and that they are 
communicated to it, at it^ first emission out of the lumiaoia 
body it proceeds firom, probably by some very subtle and elas« 
tic substance diffused tiirough the universe, in the following 
manner s As bodies falling into water, Qr passing through the 
air, cause undulations in each, so the rays of light may excite 
vibrations in thb elastic substance. The quickness of these 
vibrations depending on the elasticity of the medium, (as the 
quickness of the vibrations in the air, which propagate soufid, 
defend solely on the elasticity of the air, ioA not upon the 
quickness of those in the sounding bodv,) the motion of the 

Sirticles of it may be quicker than that of the rays ; and, 
erefore, when a ray, at the instaAt it impinges upon any 
Surfiice,is intiiat part of a vibration which is contrary to its 
motion, it may be reflected. He farther supposes, that when 
light fidls upon the first sur&ce of a body, none is reflected 
there, but.all that happens to it there is, that every ray that is 
not in a fit of easy transmission, is there put into one, so that 
when they come at the other side, (for this elastic substance^ 
■Ir pWradiiig the pores of bedics a capable of the saaieTi* 
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^r&ticms within the body as without it) the nyn of ono kind 
shall be in a fit of easy tranimission, and those of another in 
a fit of easy reflection, aooording; to the thickness of the body, 
the intervals of the fits beings difiiBrent in rays of a difierent kind, 
3. This doctrine of fits does not acooi^ with the g;eneral 
simplicity of nature, or of the other parts of this great man'n 
philosophy. It seems far more reasonable to consider the 
phenomena of light, as being produced by vibrations of aa 
universal medium, the intervals between the vibrations cor* 
responding with the fits above supposed. Snoh ideas of vibra* 
tions correspond toO| with the general analogies of nature ift 
other particulars. 

170, The following are the chief phenomena of 
reflected rays : 

1. PdrmlM rays refleoted firom a covcatx itirfiuse, ara 
made converging. 

Ccnvtrging rays ialling upon a eoncm* sur&oe, are made to 
cmiveige more. 

Diverging rays falling upon a emuiwe lurfiice, if they div 
verge fi^ a focus of parallel rays, become parallel. 

If firem a point nearer to the surface than that focus, they 
diveige less than before reflcfction, 

If m>m a point between .that focus and the centre, they 
converge after reflection to some point, on the contrary side 
of the centre, and fSirther fi^om Uie oentrs than the point firom 
which it diverged. 

If from a point beyond the centre, the reflected rays will 
convet|;e to a point on the contrary side, but nearer to it than 
the pomt firom which they diverged. 

If horn the eentre, they will be reflected thither again. 

Exp. Place a concave mirror at proper distances from an 
open orifice, or- a convex, or a craicave lens, through which a 
beam of solar rays passes, and verify the preceding propositions. 

2. Parallel rays reflected fi-om a cowbx svrface, are 
made, diverging. 

Diverging rays reflected*firom a convex surfiice are made 
more diverging. 

Converging rays refleoted from a convex surface, if they 
tend towards the focus of parallel rays, will become parallel. 

If to a point nearer ^e surfiMie than that focus, will con- 
verge less than before reflection. 

If to a point between that focus and the centre, will diverge 
as firom a point on the contranr side of the centre farther fhmi 
it ^an the point towurds which they oonveiged. 

Dto apoint bcymdtiMoeatre, they will diverge a« firoma 
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point on the contrary side of the centre nearer to it than tfad 
point towards iiehich.the7 converged. 

And if towards the centre, they will proceed on teflectioni 
as fiir from the centre. 

Exp. Illastrate the three preceding propositions by receiv- 
ing upon a convex mirror, a solar ray pas^ig through an open 
orifice, or concave, or convex lens. 

OP THE EYE. 

171. The eye is composed of three eoats^ corenng 
due another, and inclosing difTerent substances called 
humour$. The three coats are called the sderotiea, 
the dioroideSf and tibe retina. The three humours 
are the aqueauSf the Bhrystalline and the vitreous. 

lUtu. ABGfig. 49,188 
section of the globe Of the 
[ eye, the three circles repre« 
sent the three coats; the 
hrouter one is the selerotieOf 
\mt the part AEFB, is called the cornea. The middle circle is 
the ehoroides^ the fore part of which is called th.e trif, and the 
inner circle represents the retina^ which serves to receive Ihe 
images or objects produced by the refraction of the dififerent 
l^umours of the eye. The aqueous huiqour fills up all the 
space A, E, F, B, ar ; y s is Uie chrystalline humour in the form 
of a double convex lens; and th^ vitreous humour occupies all 
the interior part of the eye m n, behind the chrystalline. From 
the hinder part of the eye, proceeds the optic nerve tf, which 
conveys to Uie brain the sensations produced on the retina. 

Obs. Mr. Harris has given a table of the dimensions of the 
parts of the human eye, of which the £>llowing are the princi- 
pal particulars in parts of inches. 

Diameter from the cornea to tb« ehoroides .95 

Radius of the cornea • . • ^335 

Distance of the cornea firom the first surfiice of 

the chrystalline * - - .106 

Radius of the first surfiice of the chrystalline .331 
Radius of the back surface of the ohrystalliae .35 
Thickness of the chrystalline - - .373 

172. Objects are seen in consequence of the images 
b^iiig painted on nerves, or retinu^ at the back of the 
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eje ; ami though the images of ohjects are painted oq 
the retina inyerted, yet they are seen erect by the 
habit of the mind. 

llhu. As the object A B C, fig;. 49, sends out rays that fiil 
OQ ibmcomea of the eye between £ and F, and by passing on 
through the pupil and humours, they will be converged to as 
many points on the re/tna, and will there form a distinet in* 
rerted pictiure, e 6 a of the object Thus the pencil of rayi 
qrsy that flows from A, will be converged to the point a 
on the retina ; those from B, will be converged to the point 6 ; 
those from C to the point e ; and so of all the intermediate 
points ; by which means the whole picture a 5 c is formed, 
and the object is made visible. 

Exp, Take off the sclerotica from the back part of the eye 
ef an ox, or other animal, and place the eye in the hole of the 
window shutter in a dark room, with its lore part towards the 
external objects ; a person in the room will, through the 
transparent coat, -see the inverted image painted upon the 
tetina, 

Ob$. 1. It is found from experience, that when the imag# 

upon the retina is bright, the object is clearly seen ; and when 

the image is fiunt, the object appears faint ; also, that when 

the image is distinct, the object is seen distinctly ; and when 

the image is confused, the object appears confused. Hence 

it may be concluded, that these images are the cause of vision. 

2. It is manifest, that a different conformation of the eye, 

or some parts of the eye, is necessary for distinct vision at 

different distances. Some think the change i ^ in the length of 

the eye ; others, that it is a change in the figure or position 

of the chrystalline humour ; and others, that it is a change in 

the cornea; but any of these changes would produce the 

effect 

1 73. Dimness of sight generally attends old people, 
and arises either (1) by the eyes growing flat, and not 
uniting the rays exactly on the retina : or (2) by the 
humours losing their transparency in some degree, 
which makes eyery object appear faint and indistinct. 

174. If the chrystalline humour has either too much 
or too little convexity, the sight will be defective, owing 
toi^e image being formed before or behind the retina. 

Obt. In persons who are short-sighted, the hmnoura of the eye 
%re tot convex, and brioff therays to 8 foeii»,befei« they Mm 

8* 
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the retina, imlesB the olgect be brought near to it; in whicit 
caae the image is cast &rther back. In others, the humoors of 
the eye have so little convexity, that the focal point lies behind 
the retina; whence, unless the object is removed to a g^reater 
distance from the eye, the vision will be indistinct. 

175. When the diameter of an object is given, its 
apparent diameter to the eye, is inversely as it^ dis- 
tance from the eye, and the apparent diameter is the 
angle which it subtends to the eye ; so that its appa- 
rent size is as the angle which it subtends to the eye. 
Obs, 1. The ang^e subtended as the least visible object, call- 
ed by the writers on optics, the minimum vt«t6te, cannot be accu- 
rately ascertained, as it depends upon the colour of the object, 
and &e ground upon which it is seen ; it depends also upoa 
the eye. Mr. Harris thinks the least angle for any object to 
be about 40 seconds ; and at a medium, not less than two mi- 
nutes. To the generality of eyes, the nearest distance of dis- 
tinct vision, is about 7 or eight inches. Taking 8 inches for 
that distance, and 2 minutes for the least visible angle, a glo- 
bular ol^ect of less than the three-hundredth part of an inch 
cannot be seen. 

2. The apparent diameter of an object is as the diameter of 
its image upon the retina; and the diameter of the linage, 
when the object is given, is iiwertefy as the distance of the ob- 
ject ; therefore the apparent diameter of the object is also in- 
versefy as the distance of the object. The same may be prove! 
of any apparent length whatsoever. 

3. Hence the apparent diameter of an olrject maybe mag- 
idfied in any proportion; lor the less the distanoe m the eye 
from the object, the greater will be its apparent <9lmieler. But 
without the help of glasses, an object brought nearer the eye 
than about five inches, though it aj^ars laiger« wHl at the 
same time appear confusedly. 

4. Many deceptions in vision arise from the above considerft* 
tioii. We ju^e of the distance of any object by the Visible 
Ittigth of the plane, yrixuitk lies between the eye and the dfcject. 
When this method fiuls us, we compare Uie known magnitude 
of the object with its present apparent magnitude; or we 
compare the degrees of distinctness witii which we see the 
ieveral parts of an object ; or we observe whether the dbange 
of tiie apparent place of an object when viewed from dilifl||iif 
stations, or its parattax^ be great or nail, tfaif diange being 
afwap in proportion to the distanpe of die ofajeot On this 
'^^^'^^'ple* we may ju^ge of the diManoe of a near olject, by 
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obterviDg thechangfe which it m^de in its apparent 8itaatloO| 
upon viewing it aacceisively with each eye sing^ly . Or, since 
it is the difference of the apparent place of an object, as 
riewed by each eye separately which makes an object to be 
seen double unless we turn both eyes directly towards it, 
and since in doing this, where the distance is very small, we 
turn the eyes very mach towards each other, and less at a 
greater distance ; the different sensations accompanying the 
different degrees in which the eye^ are turned towards each 
other, afford by habit, a rnle for judging of the distance. 

5. In objects placed at such distances as we are used to, 
and can readily allow for, we kno%, by experience, how 
much an increase of distance will diminish their apparent 
magnitudej and, therefore, instantly conceive their real mag- 
nitude, and neglecting Uie apparent, suppose them of the 
size they would appear if they were less remote; but this 
can only be done, where we are well acquainted with the 
real magnitude of the object ; in all other cases, we judge of 
magnitudes by the angle which the' object subtends at the 
known, or supposed, distance; that is, we infer the real 
magnitude from the apparent magnitude In comparison with 
the distance of the object. 

OF COLOURS. 

176. Rays of light are differently refrangible, or 

refractihley that is to say, some are more easily turned 

out of their course than others ; — and are differently 

reflextbUf when some are more easily reflected than 

others. 

Ob$» The powers of rays in regard to their refran^ibility 
or reflezibility, are ascribed, on &b hypothesis of their being 
particles like sand, to the different momenta of the particles; 
and on the hypothesis of their being simple vibrations lil^ 
undulations of water, to the vivacity or acuteness of the vi- 
brations. It seems, indeed, evident, that thd rays which are 
turned the most out of their cou^e by a refrangible medium 
have Utt powers or momenta, than those which are the least 
diverted from iheir course. Different colours are therefore 
simply the effect of the different perceptions produced 6n the 
optic nerves by the different forces or the action of the rays, 
the red being the most forcible, and the violet the least. 

177. Light is called hom^eneous, when all the rays 
are equdly refrangible ; miheierogenetmB, wben some 
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rays are more refrangible than others. The eohurs pror- 

ducedby homogeneous rays, are called prtmary oriun- 

j}Ze colours ; thoseofheterogeneousyxecotufarj^ormixedf. 

178 To examine the (Afferent colours of a ray of 

light, a small hole must be made in the shutter of a 

dark room, and the ray must Ml upon a prism in an 

oblique direction. 

Obt. Prisms are commonly made of solid glass, but students 
who do not possess one of this kind, may easily make a substi- 
tute. Take three pieces of plate glass, (the kind of which 
looking glasses are made) each four, or six inches long and 
two or three inches wide ; g^t made of tin a frame consisting 
of the two ends in the exact shape of the three pieces of glass 

g laced in the form of a triangle, with a strip of tin running 
'om each angle of one end to the angles or comers of the 
othej. These strips are bent so as to receive the two edges 
of the glass plates. When the frame is complete, except 5ie 
soldering in. of one of the ends, fix the glass plates in theit 
places, and then have the end soldered. The tin forming the 
ends is turned up so as to receive the plates, and one of the 
endsis furnished with a spout to pour in water. When this 
is dope, the vessel is made water tight, by stopping with put- 
ty all the crevices between the glass axid tin. The prism is 
then filled with dear water by the spout and corked up. 




Ilhu» 1. Let A B, fi^e 50, repres^t part of the shutter of 
fhe window of a room, in whidi no light enters except through 
the hole C. If the light of the sun be received upon a screen 
at any distance firom the hole, as at £, a circular luminous 
spotwiU be formed *upon the icreen, which b larger in di- 
ameter than the hole at C. Place a glass prism E before 
the hole, so that the light may pass through in a dhrection 
perpendicular te the axis of the prism; and instead of going 
straight from E to F, the light idiich comes through the 
hole, will, bv passing through the prism, be bent and 6x^ 
•tened in suoa a mamier, as to ferm a ceioured spectrum or 
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iioa^ G H tipon m eeireen "which may be situated at any ^Us- 
tance from the prism^ but below the straight direction C F. 
The length of the spectrum G H is equal to about five times its 
breadth, and is terminated by semicircular ends. The highest 
partG is of ti beautiful red colour, which, by insensible shades, 
degenerates into an orange^ then a ytUow^ a grten^ a hlue^ an 
tfUl%9, and a viokU whi(^ is the colour next to H, viz. at the 
lowest part of the spectrum. 

2. Or in fig. 51, let E G be a shutter, F a hole, S S a ray or 
direction of solar light, A B C a glass prism, then the light fall- 
ii% on B C will be unequally refracted to the wall M N, and 
produce the coloured spectrum P T« The violet being the 
most, and the ted the least turned out of their course. 

179. If the whole spectrum be diTided into 3i0 
parts, the nrJ will occupy 45 of them, the orange 27, 
the ydlow 48, the green and tfa6 blue SO eacn» the 
indigo 40, and the vioUt 80. By mixing the seyeii 
primitiye colours in these proportions, a dusky white 
h obtained. And the seven colours are reducible to 
three, viz. the red, blue, and yellow. 

Esp» Paint on a circular board the seven colours in their 
;proper proportions, and then whirl the board with great ve- 
locity, it will appear of a dirty white. If the colours were 
acre perfect and accurately defmed, the white would appear 
«ore perfect also. 

180. The colours of homogeneous light can neither 
be changed by refraction nor reflection, and the white- 
ness of the sun's light arises from a due mixture of all 
the primary colours. 

Exp» 1. Let a beam of homogeneous light pass through a 
round hole in a pasteboard, and then be refracted by a prism 
on the other side, the colour of the rays will remain the same. 

2. Red lead, viewed in homogeneous red light, will be red, 
but if placed in green, or any oUier homogeneous light, it will 
take the colour of the rays which fall upon it. 

181. The colours of all bodies are either the simple 
colours of a homogeneous light, or such compound co- 
lours as arise from the mixture of homogeneous light. 

Ohi. 1. Each sort of tight having a peculiar colour of its 
owik^ which no refi:tictiDn or reflection can alter, since bodies 
appear coloured only by reflectied light, their colours can be 
no other than the colour of some single homogeneous light, or 
of a mixtU)re of different sorts of light. 
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2. Whe» the thickness of flie partklea of % body 10 stich^ 
that one sort of colour is reflectod, other colours will be trans- 
mitted, and tiierefore the body wiU appear of the first colour. 
And, in general, a less thickness is found to be necessary to re<* 
fleet the most refrangible rays, as violet and ind^;o, than those 
which are least refrai^ble, as red apd orange. Sir I. New- 
ton, from a variety of experiments on light and colours^ can- 
eludes that every substance in nature is transparent^ provided 
it may be sufficiently thin. 

3. Mr. Delval has, however, by a great variety of well 
oonducted experiments, shewn that colours are exhibited^ 
not by reflected, but by transmitted light This he proved 
by covering coloured glajra, and other transparent coloured 
media, on Uie further sur&ce, with some substanoe perfeotly 
opaq^ue, when he found that they reflected no colour, bat ap^ 
peared perfectly blade He concludes, therefore,, that, as 
the fibres of mineral and animal substances are founds whea 
tleared of heterogeneous matters, to be perfectly white, th^ 
rays of light are reflected from these white particles, through 
the coloured media with which they are covered ; thiLtthese 
media serve to intercept and impede certain rays in their 
passage through them, while a free passage being left to 
others, they e:diibit, according to these circumstances, diffe- 
rent colours. 

4. Mr. Delval concludes, (\^ That the colouring partieW 
do not reflect any liffht (2,) That a medium, 8U(£ as Sir I 
Newton described, is difiused over the anterior and further 
surfaces of the plates, whereby objects are Reflected equally 
and regularly as in a mirror. 

5. To determine the principle on which opaque bodies ap- 
pear coloured, it must be recollected, first, that all the colour- 
ed liquor&i appear such only by transmitted light ; and, se- 
condly, that these liqu<^, spread thinly upon a white ground, 
exhibited their respective colours; he therefore concludes, 
that all coloured bodies, which are not transparent, consist of a 
substratum of some white substance, which is thinly covered 
with the colouring particles. 

6. On extracting, by means of spirits of win6, the colour- 
ing matter from the leaves, wood, and other parts of v^eta- 
bles, he found that the basis was a substance perfectly white. 
He also extracted the colourii^ matter from diflerent animal 
substances, as flesh, feathers, &c. when the same conclusion 
was obtained. Flesh consists of fibrous vessels, containing 
)>lood, and is perfectly white when divested of blood by ablu- 
tKion, and the red ooloor proceeds from the light whici i^ 1^ 
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Sacted from the whita Dbroiu subttaDcetbniaKli tfa* rid trantr 
parsDt cmniag formed by ths blood. The reiult wu the 
nme fron U) sxamiDSttoD of tbeniaeralkuigdMn. 



OF THE RAINBOW. 

1 82. The tiainiow is a meteor in form of a party* 
coloured arch, or lemicircle^ exhibited only at the 
time when it rains. It is alivays aeeu in that point 
•f the heavens which is opposite to the sun, and ia 
occasioned by the refraction and reflection of his rays 
in the drops of falling rain. There is liicewise, though 
not always distinctly visible, a secondary, or much 
Winter rainbow, investing the former at some dbCance. 
Oi*. Whea the tan ihinea upon dropa of ruin aa (hef are 
bUioK, tbe nja which come from thue dropi to the eje of 
the ipectator, after one refleotion and two refraotioDi, pro- 
dtfos the icoermoit, or rsutARV biiitbow. 

Fig. S3, repreaentiiig theri/raeliOTi aod rtfiectim of light 
fmOiKg an iraptrft»alar, in IlitiaiUTmiiil or primaty rav^ur. 
TFT be the inner, 
or primar]' rajn> 
, the outer part of 
lb TFY ii red, and 
merpartVDXriD- 
adtbeintermedi at* 
I reckoniog tron 
•d to the violet, MN 
, yellow, greeo, 
, indigo. SuppoM 
peclatar'iejeat A, 
et AlbeaaimagiD- 
inefromthect-'- 



ifabean 



pectator. Ifabi 
[bt S coming from 
od tbe rayt which 
leffreet 3 minute* 
If UkCM riji Bake Uie ume an^U with the 
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incident rays, and consequently are r^** Hence tlie drop 
T will appear red ; for all the other rays which emerge frcmi 
F, and would be effectual if they fell upon the eye, beiog re- 
fracted more than the red rays, will pass above the eye. If 
another beam <^ light S &lls upon the drop D, and the effec- 
tual rays emerging at H< make an an^le of 40^ 17/ with the 
incident rays, the drop D will be of a violet clolour, for all the 
other rays wliidi emerge from H, and would be effectual if 
they came to the eye, being refracted less than the violet 
rays, will pass below the eye. The intermediate drops be- 
' tween F and D will, ibr the same reasons, be of the intserme- 
diate c<dours. And that which has been proved concerning 
the drops in the line F D, may be shewn in any other set of 
drops in which the angles made by fbe emerging and incident 
rays are equal. Thus, wherever a drop of rain is placed, if 
the angle which the effectual rays make with A I is equal to 
the aqgle F A I, or is 499 2", any suchdrop will appear red. 
If F A I were turned round upon the line A I, so that one 
end of this line should always be at the eye^ and the other at 
I opposite to the sun, in this revolution the drop F Wbuld de- 
sioribe a circle, of which I would be the centre,* and TFT 
an arc. And since in this revolution the angle F A I cosi- 
tinues the sam<e, if the sun was to shine upon this drop as it 
revolves, the effectual rays vrovld make the same angle with 
the incident rays, in whatever part of the arc T F Y the drop 
may happen to be ; and, consequently, in whatever part of 
the arc the drop F is, it will appear retL Now as innumerap 
ble drops are felling at once in right lines from the cloudy 
whilst one drop is at F, tl^ere will be others at T Y, and ev^ 
•ther part of the arc, which will appear red in the sadle maa-^ 
ner that F would have done in the supposed circular revola-^ 
tion. Therefore, when the sun shines upon the rain, there 
win be a red arc T F Y produced opposite to the sun. In 
like manner a violet arc V D X will he produced, and other 
Intermediate colours, which will together make up the pri- 
mary rainbow. .^ At the eye at A the rays are divided fromi 
R red to P purplie. Just aa lliey preaent themselves to the eye 
& nature. 

Exp. Let a glass globe, filled with water, be ex|K>s6d to ike 
ttyn of the son : let &e eye of the spectator be so situated, that 
the least refracted ray from the drop, coming to the eye, sfiwll 
Ciake an angle of about 439 with the line poasiiig through tiie 



<««M 



^ * The an&rle which the effectual red rays make with the mult 
^^says, s fotui^ to be «S? SO', that oCthe Tiolet np 409 1*7^ 
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eye and the sitn, the red rays enly -will be seen ; if the place 
of the eye be changed, so as to enlarge this angle, the red will 
disappear ; but if &e angle be lessened) the colours of the more 
refrangible rays tnll appear. 

Obs. 1. Cascades and fountains, whose waters, in their fiill, 
are divided into drops, will exhibit rainboi^ to a spectator, 
properly situated, during the time of the sun's shining. This 
appearance is also seen by moon-light, though seldom suf- 
fieiently yivid to render the colours distinguishable. Col6ur- 
ed bows have been seen on grass formed by the refraction of 
the ann's rays in the morning dew. 

2. Artificial rainbows may be produced hf a candle light 
on the drops of water ejected by a small fountain, or jet d'eau^ 
or from the stream emitted from an eolipile. But the most 
natural and pleasing is by means of the air fountain, the jet 
of which is perforated with a great number of very fine holes 
from which the water spouts so as to form a kind of fluted co- 
lunm. The rainbow is formed by the sun's rays, for the spec- 
tator has to place the spouting streams directly in the sun's 
beams, with his own back to the sun, and being in a direct 
line with the sun and the centre of the jet, by stooping his 
head to a certain degree, he will discover the beautiful . ap- 
pearance of the natural prismatic colours, and a small rain* 
bow, on the same principle as those which are seen in the 
time of rain and sunshine. 

183. The primary rsiinbow can i^eyerbe a greater 

arc than a semicircle* 

Since the line a i fig. 52, is drawn from the sun through the 
eye of Uie spectator, and through t the centre of the rainbow, 
this centre is always opposite to the sun. And since the an- 
gle/a t is an angle of 42^ 2',/, the highest part of the bow is 
4'S9 2' from t its centre. If, therefore, the sun is more than 
42® 2' above the horizon, t. Which is opposite to it, must be 
more than 42^ 2' below the horizon, and no primary rainbow 
will be seen. As mudi as the altitude of the sun is less than 
42^ S', so much will the highest point/.of the rainbow be 
above the horizon ; and When the sun is in the horizon, i, the 
centre of the bow will also be in the horizon on the opposite 
side, and half the circle will be visible ; but when the sun iif 
set no bow can be seen. 

1 84. When the light falls upon the under parts of drops 
of rain, some of it, after two reflections and two refrac- 
tionSyComesto the eye of the spectator who had his back 
towards the san« and his face towards die drop. An^ 

9 
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those I'ajs which are panllel to ooe mother, after 
they haTe been once refracted, and once reflected in 
a drop of rain, will be coloured, and prodace an exte- 
rior rainbow, when they emerge after two refrac- 
tions and two reflectiona. 

_ When the son ihinet 

npon BdropofrBJnE 
Gg. 53, Id the outer 
edge of the u ooDdar; 
, reiDbowCBD,Uie«l- 
\ factual TJoletray FA 
\ makes an tuigle EAI 
it of 54° 7' with AI ft 
" line drawn from the 
■un throagh tbe eje 
of tbe ipectator, aed 
therefore makei th* 
same angle with the incideht ra? S B. Therefore if the spec* 
tator'i eye is at A, all the raja -except the violet, nill make a 
leu anrle with A I thaa £ A, and fall above the apectator'i 
eje. la like manner it maj be ihewD, that from tbe drop P . 
odIj red raji will ccne to the spectator's eye, the rett fall- 
jngbelow it; aod that the raja emerging from the interme- ' 
diale drops between E and F, and coming to A| will emerge 
at intermediate angles, and preaent to the eye the interme* 
diate colours. If EAI be conceived to turn round Qitoa tha ' 
line A I, in aoch a revolulion of the dmp E, the an^e EAI , 
would remain the lame, and conaequentl; the emerging rajs 
woald make the aame angle with the iocident rafi. But ia 
such a revDlutioD the drop E would describe a circle,of which 
I woald be the centre, and C 8 D aa arc. Conaequently, 
aince the smergiag rsjra make the same angle with the ioci- 
deal ones when the drop ia at anjr other part of the arc as at i 
E, the colour of the drop will be violet to an e^e placed at A, 
ia whatever part of the arc Ibe drop is placed. Tjow since ' 
there are iaaumerable drops of rain falling at once, whilst | 
one drop ia at E, there will be others ia all parta of the arc, i 
which will all appear violet-coloured, fortheaamereHson that I 
E wouldbaTaappearedoftbiicolourinany other part of tbe | 
arc. Id like manner at the drop F, appeara red a( F, and at r 
anj partof the arc FO,aa will anyoltaerfstlingdrop whenit 
comes to any part of that arc. The intermediate area are | 
fonaed in Um laina nuiuier with the violet arc CBD, and the 
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red arc FD : and thus the whole aeeondary rainbow is pro- 
duced. 

185. The colours of the secondary rainbow are 
fainter than those of the primary^ and are ranged in 
the contrary order. 

Obs, 1. The ang^le which the violet rays make with the in« 
eident onef if found to be 54^ 7', and that of the red rays 53^ 
57'. At every reflection many rays pass out of the drop with- 
out being reflected; consequenUy, the secondary rainbow 
which is produced after two reflections, is formed by fewer 
rays than the first, irhich is pr<)duced after one reflection. 

2. Again, ip the primary bow, the violet rays, when they 
emerge eflectually, make a less angle with the incident rays, 
and, therefore, with the line AT, than the red rays. But ike 
rays are here only once reflected, and the angle which the ef- 
fectual rays make with A I is the distance of 3ie coloured drop 
from I, the oentre of the bow. Therefore, the violet arc in the 
primary bow will be nearer to the oentre of the bow than the 
red arc, that is, the innermost colour will be violet, and the 
outermost red. But in the secondary rainbow, the rays are 
twice reflected ; and the violet rays, which emerge so as to be 
efiectual after two reflections, make a greater angle with the 
incident rays, that is, with the line A I, than the red ones : 
which angle is the distance of the violet arc from I the centre of 
the bow. Therefore, the violet arc in the secondary bow will 
be fiirther from the centre of the bow than the red arc ; that 
is, the outermost colour is violet, and the innermost red, 

OF OPTICAL INSTRUMENTS. 

186. A mirror or speculum is an opaqae hody, 
whose surface is finely polished, so that it will reflect 
the rays of light which fall upon it, and thus repre- 
sent the images of objects. 

• Obs. They are made of metal, or glass polished on one side 
and silvered on the other. There are three kinds of mirrors, 
▼iz. the plane^ the convex^ and the eoneave. 

187. Concave glasses are necessary to those whose 
eyes are too convex. 

Exp. If the parallel rays, fig. 48, tf a, C m 5, and « c, fall upon 
the concave muror A B, then d a will be reflected along a m, C 
6 will be reflected along b m, and e e along em; of course they 
aUmeetinm: and m 6 is found to be equal to tit C, or half C 6. 
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IQt(i. When the eye k too rotuid, the rays proceedh^; from 
objecti are coaTerg;ed to a focus before they g^et to the retina; 
to remedy this, a ooncaye glass is used, because the property 
of this is, to disperse the rays which prevent them from com- 
ing to a focus so soon as they otherwise would. 

188. Convex glasses are necessary to those whose 
eyes are too^o^. 

Illus, When the eye is too flat, the rays proceeding from 
objects do not converge to a foens so soon as they reach the re- 
tina ; a eonyez glass has the property of converging the rays, 
and of course bringing them to a focus sooner thim they other- 
wise would. 

Obs, Were there no other use of the science of dioptrics 
than that of spectacles, the advantage that mankind receive 
thereby is inferior to no other benefit, not absolutely requisite 
to the support of life. For as the sight is the most noble and 
extensive of all our senses ; as we make the most frequent use 
of our eyes ]|n all the actions and concerns. of life : surel^i^ that 
instrument which relieve^ the eyes when decayed, and sup- 
plies their defects, must be estimated as the greatest of all ad- 
vantages* Forlorn, indeed, must have been the situation of 
many yocuig, and almost all old people, before this admirable 
invention. 

189. Microscopes are instruments for viewing small 
objects ; and they apparently ms^ify objects, because 
they enable us to see them nearer than with the nak- 
ed eye, without affecting the distinctness of vision. 

Exp. Take a piece of brown paper and make a pin-hole in 
it, then bring the eye close to the hole, and the paper within 
two or three inches of any small print or object, and it will be 
apparently much magnified, though without the paper the 
letters would at that <£stance be wholly illegible. 

Obs. All that the hole or microscope effects is to enable us 
to see an object dUtinetly much nearer to the ^ye than it could 
be seen by the eye unaided. The magnifying power is as the 
proportion of the distance, at which we usu^ly view objects, 
to that at which the microscope enables us to see them or their 
true images. 

190. There are three kinds of microscopes, the 
^ngle^ the compoundy and the solar. 

The single microscope, is asmall double convex lens, 
having the object placed in the focus, and the eye at the 
same distance on the other side. Its magnifying power 
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is fotind by dividing seven inches, (he least distance 
at which an object can be seen distinctly by the 
naked eye, by the focal distance of the lens* 

Eayt* If the focal distance of the lens be only the 1-4 of an 
inch, then the diameter of an object will be magnified 38 timet 
(because 7 divided by 1-4 is the same as multiplyii^ 7 by-40 
and the surface will be magnified 784 times. 

The compotmd microscope consists ofan object-glass 
and an eye-glass. Its power is in proportion as the 
image is larger than the object, and also according as 
we are able to view it at a less distance. There are 
generally two eye-^ass^s, by which means the object 
is less magnified, but more of it is seen. 

64^ H» j^^^i^ i2/i».1. The object to be viewed is 

i^a 6; fig. 54» <{ is the object glass, and 
!/the eye glass. The small object a 
'6, is placcid a little beyond the focos 
oid c, the rays will converge and the 
image be formed at g h. The image, therefore, and not the 
object, is viewed by the eye, 6 A £, through the lens e /, 
which is so placed that the image g h may be m its focus, and 
the eye about the same distance on the other side ; the rays 
on eadi pencil will be parallel after going out of the eye-glass 
at «/, tUl they come to the eye at A, where they wiU begin 
to conveige by the refractive humour of the eye, and having 
crossed each other and passed through the chrystalline and 
vitreous humours, they will fonn the inverted inaaga A B on 
the retina. 

5' If the image g A is 4 times larger than the object a 6, and 
by the help of the eye-glass we can view it 7 times nearer 
than we could by the n^ed eye, on both these accounts the 
diameter of the object will be magnified 4 times 7, or 28 times ; 
anA the sur&oe 28 times 28, or 784 times, 

The solar microscope depends on the snn-shine, 
and is used in a darkened room. It is composed of a 
tube, a loolppg-^lass, a convex lens, and a single 
microscope. The sun's rays are reflected by the 
lookif^'^OBB through the tube upon the object, the 
image of which is thrown upon a white screen, sheet, 
&c. placed at a distance to receive it 

9* 




109 OF OPTICS. 

06«.' The magnifying power of the instrument is in propor- 
tion as the distance of the image from the object-glass is greater 
than the object itself is from it. If the distance of the object 
from the object-glass be 1-4 of an inch, and the distance of the 
picture be ten feet, or 120 inches, then the object is magnified 
in length 480 times, or in surface 230,000. 

191, Telescopes are used for viewing objects at a 
great distance ; of these, there are two kinds, the 
refracting and reflecting, 

1 92. It is the sole business of all Telescopes to ena- 
ble the eye to see the object under an enlarged angle. 
For this purpose, a new image of an object is produc- 
ed by the object-glass of the telescope, and tlien this 
image is viewed by means of the eye-glasses. 

Obs. As the object ot its image is seen by the -eye under an 
enlarged angle, or in the same way in which it would be seen 
if much nearer to the eye, so the first impression conveyed to 
the mind by a telescope, is that of bringing the object nearer, 
which is only another mode of declaring that it is enlarged, or 
seen under a large angle. 

193. The apparent diameter of an object seen through 
a telescope, is to the apparent diameter of the same ob- 
ject seen by the naked eye, as the distance of the image 
from the object-glass is to itsdistance from the eye-glass. 

IUtu» If the image, formed by the object-glass, were receiv- 
ed upon paper, the apparent diameter of the object seen by 
the naked eye at the station of the object-glass, would be 
equal to the apparent diameter of the image seen from the 
Mune station, and the apparent diaqieter of the image will of 
necessity be inversely as the distance of the eye from it, or as 
the fdcal distance of tiie object-glass. If the eye then be plac- 
ed at the station of the eye-glass, consequently, the image will 
appear to the eye in that nearer station bigger than at the ob- 
ject-glass in the inverse ratio of the distanoes. Therefore the 
ai^rent diameter of the object seen with the telescope, is to 
the diameter of the same object seen by the naked eye at the 
station of the object-glass, as the distance of the distinct image 
from the otject-glass is to the distance from the eye-glass, that. 
is, as the focal distance of the object-^ass is to the focal dis- 
tance of the eye-glass ; consequently, if the fpiTner be divided 
by the latter, the quotient will express the magnifying power ; 
thu9, if the telescope will magnify ten times in diameter, the 
focal distance of the Qbjeet^glacn is ten inches, and that of th^ 
eye*gla«s one inebv 
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O^s, 1. Consequently, a telescope will not muguify an ob- 
ject, unless the focal distance of the object-g;lass i» greater than 
the focal distance of tlie eye-glass. And of course the object- 
glass of a telescope should be less convex than the eye-glass. 

2. An object will be equally magnified by two telescopes of 
very different lengths, if the ratio of the focal distances of the 
object-glass and the eye-glass be the same in each. 

3. And if a telescope is inverted, objects seen through it 
will be diminished ; for the object-glass which has the great- 
er focal distance then becomes the eye-glasd, and it reverses 
the proportion. 

4. The visible area, or space which may be seen at one view 
through a telescope, is as the area of the eye-glass. 

5. The brightness of an object seen through a telescope de^ 
pends upon the area of the object-glass, but not the visible area« 

6. The distance of the eye from the eye-glass should be 
equal to the principal focal distance of the eye-glass. 

194. A Telescope, to shew objects in their natural 
posture, has three eye-glasses. The two additional 
lenses simply give an erect position to objects. The 
three eye-glasses have all their focal distances equal, 
and the magnifying power is found as before, by di- 
viding the focal distance of the object-glass by the 
focal distance of one of the ey^-glasses. 

195. Galileo's telescope consistis of a convex object- 
glass^and a concave eye-glass, so placed that the distance! 
between them is the difference of their focal distancejs, 

Obs* From a distant object, rays fall upon the convex ob-^ 
ject lens, from which they will proceed towards the focus of 
that lens. But the concave eye-glass renders the converging 
rays parallel when they reach the eye ; whence an image will 
be formed upon the retina. And the pencils of rays beings 
made more diverging by passing through the concave lens, the 
visible image is seen under a larger angle than the object^ 
and appears magnified. Also, because the pencils which form 
the image only cross one another once, th& image appears 
erect 

196. Newton^ s telescope consists of a tube, towards 
the end of which a concavemirrot is placed. The con-«^ 
verging rays, before they reach the focus, are made to 
fall upon a plane mirror placed at an angle of 45 deg« 
9nd throwa upwards to the fbcu^ of a cofiTexleni fixed 
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in the apper fiide of the telescope, through which 
the eye looks down on the object. 

197. Gregory* s telescope consists of a tube on which 
a concave ipirror, having a hole in its centre is plac- 
ed^ Any parallel rays from an object falling upon 
this mirror, will, after reflection, term an inverted 
image at its focus. This image, however, is inter- 
cepted by a smaller mirror, which reflects it back to 
an eye«glass in the hole of the large mirror, through 
whicli the observer views the object. 

06|. I, In the telescopes made by Dr. Hbrbchvl, the eb- 
jeot is reflected by a XQirror, as in the Georgian telescope, 
and the rays are intercepted by a lens at a proper distance, so 
that the observer has his back to the object, vad looks through 
the lens at the mirror. The magnifying power will be the 
aame as in the Newtonian telescope, bat Uiere being no se<* 
oond reflector, the brightness of the object viewed in the 
Herschel telescope is greater than that in the Newtonian te- 
lescope. 

^. The tube of Pr. If erschers gprand telescope, is 39 feet 4 
inches in length, 4 feet }0 inches in diameter, every part of 
which is made of iron. The concave surface of the great 
mirror is 48 inches of polished surface in diameter, its thick- 
ness 3 1-2 inches, and its wei|^ht is upwards of 2000 lbs. This 
noble instrument was, in all iti parts, constructed under the 
tola direction of Dr. Herschel: it was begun in the year 
^785, and completed Aug. 28, 1789, on which day was disco- 
yered the lixth.Bate^it• of Saturn, ft oiagnifles 8000 times. 



3. ABC i« It ray oriight, reflected by the great Speculum 
B, to the eye-glais C. O i> a chair for the observer. E a 
moceatile gallery br spectator!. FG a (mooth baae for th« 
frame to tarn on. H and I polleja to move the iDstrumeat. 
K are room! for araiitauta. 

4. Dr. Prieitley observes, that the easiest methodof finding 
the magnifyins power of nnj telescope, bj experiment, is ta 
Dieaaure the diameter of the aperture of the object^lasi, and 
that of the little image of it, wbtch is formed at the place of 
tbe eye. Aoother method, ia lo observe at what distaace 
you can read any book with the naked eye ; and then remov- 
iag the book to the farthest dietaoce at which you can disp 
tinotly read it by the help of the telescope, tbe greater dif- 
tanoo divided by the less, gives the povfer of the telescope. 

5. Dollaod's aohromatic telescope by a diipoEJtioD and 
mixture of croWQ aod Si nt abject -glagsei, destroys thecoloart 
which arisD in any single object-glass. 

198. The Cumera Obscvra is made by fixing a con- 
vex glass in a hole of a window shutter, aod, if no light 
enters the room but through the glass,the pictures of all 
objects on the outside may beseenin an inverted position 
«n a white paper placed in tlie Ibcua of the lens. If the 
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coaveslensbe placed in a tube in the inside of a box, 
within which 19 a looking-glaaa sloping backwartis, t 
ia called a portable camera obscura. 

Ilha. Fig. 58, represents* 
box cOnBisting of two parts. 
The outer ABCDEFG hai 
K ihatter or ooTer LNFQ, 
Ij which moves round a binge 
rpQ, and when open, as in the 
— .. ^ figurei it carriea two lateral 

boards w^ich lerve to esclade the eztemiil light ai much as 
possibW (rom the rough glaaa O, upon which the obserrerii 
til look. The foreside of the box i» wanting, and in thai 
^»erture another narrower box EHIKG alidea : thia box 
WMita the inner side, and hu a coorex glass lens fixed at I. 
If this machine be turned with the leni I towards an; objects 
Qiat are well illuminated, «n inverted picture of them wUl be 
formed within the box on the side ABCD, and ttiat picture 
may b« rendered distiseC by moving the sliding box EH GK 
in m oat, in order to a^ost the focui accordii^; to the dis- 
tance of the objecli. At the back part t^ the box a flat piece 
ofiookingglaM is situated at an inclination of half a ri|^t ui- 
e:le, uitis shewn by the dotted lines B R: in consequence of 
which the mys of light fall upen the looking glass, and are 
teflected upwards to the rou^ glass O. The picture then is 
formed upon ths,t rough glass, and will appear erect to a spec- 
tator situated behind the box, and looking down upon the 
glass O, from which ■ drawing may be made. 

199. The Magic Lantern it an instrument used for 
magnifying paintings on glass, and throwing their im- 
ages upon a white screen in adarkened chamber. (See 
figs. 67 and 68,) And the magic lantern becomes the 
Pkantaamagoria when the glass elides are reitdered 
opaqne between the objects. 

sa 
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Was. Fig. 57 represents the. machine with the effect it 
produces. Fig. 58 shews the internal parts of the machine 
placed at their proportionate distances. The lantern con^ 
tains a candle A, a reflector M N, which is so situated as to 
have the light, A in its focus. On the fore part of the lantern, 
there is a thick doable convex lens C D, or a plane-convex 
(usually called a bull's eye,) of short focus. The lantern is 
closed on every side, so that no light can come out of it, ex- 
cept what passes through tlie lens CD. In the direction of 
this lens, there is a tube x fig. 57, fixed in the lantern, which 
has a lateral aperture from side to side ; through this the 
glass slider aa with the paipted small images, is moved in an 
inverted position. GH, fig. 58, represents one of these ima- 
ges. The fore part of the tube x contains another sliding 
tube, which carries the double convex lens £F. The effect 
of those parts is as follows: — The (hick lens CD throws a 
great deal of light from the candle A upon the image GH, 
and to increase that light still more, the refiector MN is of- 
ten, but not always, placed in such lanterns; for, as the 
flame is in the focus of the reflector, the light proceeds in; 
parallel lioes from the reflector to the lens CD. The image 
GH being thus well illuminated sends forth rays from every 
pofnt, which, by passing through the lens EF are converged 
to a focus upon the wall, and form the la.rge images as is 
shewn in fig. 57. In some magic lanterns, instead of the sin- 
gle lens EF, two lenses are used of less curvature, and set at 
a little distance from each other, and act rather better than a 
siBgle lens. 

200. The Multiplying Glass, is made by grind- 
iDg down the side of a convex glass into several flat 
surfaces. 

Illus, Fig. 59, is the representa* 
tion of a multiplying glass with 
the flat sides h b,b d^d k. The ob- 
ject C, seen by the eye at H, wiU 
i(% appea^r multiplied into as many 
^different objects as the glass con* 
tains plane surfaces. For since 
rays flow from the object C to all 
parts of the glass, and each plane ' 
surface will refract these rays to 
the eye,the same object will appear 
to the eye in the direction of the rays which enter it through 
each surface. Thus the rays falling in the direction C t H will 
shew the object in its true place atCy because there they suffer 
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no refraction; bat the rays falling upon the surfaces, A b and 
d ik) will be refracted to e and B, and, therelbre, to an eye at 
H, the object C will appear in the direction H e £, and H BD, 
as well as that of H « C. The same thing will happen, i^ in- 
stead of three, there be any number of flat surfaces. 

QUESTIONS ON OPTICS. 

What is Sir Isaac Newton's theory of light? 

'What is a rajf or pencil of light ? 

What is a 6eam of light, and what 9. pencil oirays? 

What is a transparent medium ? 

What substances are called opaque ? 

What is the difference between diverging and emwerging 

What is the radiant point f 

'WhaXu the focus? 

When is a ray of light said to be infleetedf when refleetedj 
And when refracted ? 

What is said concerning the emission of particles of light in 
all directions? 

What is the rateof velocity with which light moves ? 

How is it proved that the particles of light (if they are par- 
ticles,) are extremely small ? 

What is the rule for estimating the quantity of light emit- 
ted by a luminous body ? 

Give an example of this rule. 

Explain the diagram illustrating the dioergeney and partd" 
ie2ifm of the rays. 

. What happens when a ray of light passes out of a rarer 
into a denser medium? 

When a ray passes obliquely from a rarer to a denser me- 
dium, which way in regard to a perpendioulaf is it refracted? 

When a ray passes out of a denser into a rarer mediam, 
which way is it refracted? 

Illustrate these laws by a sketch. 

What is meant by the angle oUnei^knce^ and what by the 
Ukgle of reflection ? 

Describe the various kinds oflenses. 

What is the axis of a lens ? 

If parallel rays fall upon hplam^eonvex lens, what then? 

What is meant by focal diUanee ? 

What is the rule for finding the/<»ea2 tftfldneeof a piano* 
C0&Tei;l6iis? 
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How do you find the local distance of a doubk tw»es lens If 
What proportion is there between the heat of the foous of a 
glass and the heat of the sun itself? « 

What kind of a lens is a common bnming-glaA f 
Explain and illustrate proposition 164. 
Explain fig. 46, illustrating; proposition 165. 
What are the principal phenomena of the ray^ in tanne^^ 
tion with the various lenses ? 

What difference in quantity is there between the angle of 
ineideneey and that of reAfclion ? 

How does Sir Isaac Newton explain the cause of refleotioir^ 
What are the chief phenomena of reflected rays? 
How many coats are proper to the eye, and what do th^jj* 
enclose ? 

What are the names of the coats^ and how are they situate^A 
in respect to each other ? 

Mention the names of the humours. 
Where is the sense of vision situated ? 
Prove tliat the images of objects are painted 00 the retina in 
an inverted position. 
How is it proved that these images are the cause of vwien ? 
What causes dimness of sight in old age ? 
What is the cause of short-sightedness? 
Explain proposition 175. 
How do we judge of the distance of an object? 
Are all the rays of light refraclible or refitxible alike? 
Explain the reason why they are not. 
When is light called homogtneovts ? and when htttrogen^ 
ous? 

What are the colours produced by homogeneous rays call- 
ed? 
What are those produced by heterogeneous rays called ? 
How is a ray of light separated into its primary colours? 
What are the colours of the spectrum, and in what order d^ 
they succeed each other ? 

What is said of the colours of homogeneous light? 
How are the various colours accounted for ? 
What colour is the colouring matter of various substancefi 
as the leaves of trees, &c. ? 

What is the cause of the rainbow ? 

Illustrate by a diagram, how the ligM is refracted and xe* 
fleeted to produce the rainbow ? 

What produces the secondary rainbow ? 
W hat is the mirror or sptculum, 7 
How do conca^^t glasses assist the sight ? 

10 



110 OF ASTRONOMT. 

How do convex glasses assist the sig^ht I 

Why do small objects appear larg^er ujider the microscope 
tha^ with the naked eye ? 

What laws govern the magnifying power of the microscope ? 

How many kinds of microscopes are there f 

Describe each, and the methoKl of using them. 

By what rules are the ma|;nif3ring powers of each of these 
instruments estimated ? 

Point out the difference between the refraeting and reflect- 
ing telescope. 

What is the sole business or effect of telescopes ? 

Explain why the image of an object is seen through the 
telescope under an enlarged angle. 

Explain and illustrate proposition 193. 

How many eye-glasses have telescopes which shew objects 
in their natural positions ? 

Explain the difference between the several telescopes de- 
scribe. 

What are the dimensions of the several parts of Dr. Her- 
schel's grand telescope ? 

What is the principle of the camera obseura ? Describe its 
operation and use. 

What is the magic lantern > 

Point out the principle of its construction, and describe its 
effect. 

What is ihe phantasmagoria 9 

Describe the multiplying-glass. 
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201, Astronomy is the science which teaiches the 

motions of the Earth, the Sun, Moon, Planets, Comets, 

and Stars, and explains the phenomena occasioned by 

those motions. 

Obt, 1. The student in the day time may observe one of the 
chief of these motions in the rising, ascent, exaltation, de- 
clension, and setting of the sun. In the morning he will see 
it rise in the eastern part of the heaveas, ascend in this he- 
misphere towards the South, attain its greatest height at noon, 
and then descend again, till it sets in the West, as far from 
the South as it rose in the morning. This is the jfirsi practical 
lesson in Astronomy. 
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S. In the night time he may observe the stars rise and set 
in the East, ascend towards the South, and decline %nd set to 
the West ; and this will be the teeond lesson. ^ 

3. He may, however, observe that one star, viz, that over 
the North Pole, never moves, and that all the others move 
around it, and those within a certain distance nevef set ; and, 
in short, in this third lesson, which is worthy of beings pi|pued 
through successive evenings, he will become master of the ge« 
neral motions of the heavens. 

4. He will observe, in a fourth lesson, what 18 also to be 
pursued through successive nights, that the moon ohanges its 
place with regard to the stars, that she increases in light in 
proportion to her increased distance from the sun, till she ar- 
rives at the opposite, or rises as the sun sets ; and that the 
light increases on one side, and decre^es on the otheri being 
always towards the sun. 

5. lie will in like manner observe, that the planets change 
their motions slowly in regard to the fixed stars, and that both 
moon and planets move in the same line, or nearly so, among 
the fixed stars ; and thisjifih lesson may be mixed with others 
through successive weeks, i 

5. He will be highly gratified by applying any telescope, 
rthe larger the better, but the smallest will afibrd much grati- 
fication,) to the moon, planets, and stars. He will observe the 
decrease and increase, and change of the shadows of the Moon's 
pits ; the satellites of Jupiter ; the Moon-like appearance of 
Venus ; the ring and moons of Saturn ; and many of the con- 
stellations and nebulous stars. 

7. By mixing such observations on the heavens and heaven- 
ly bodies, with the results given in the following paragraphs^ 
of observations made during many thousand years, the stu- 
dent will soon become expert in this most sublime of all the 
sciences. 

202. The<So/ar<%5^em consists of the San in the 
centre : 

Of seven primary planets Mercury 9 , Venus 9 ,the 
£arth ® , Mars ^ , Jupiter U « Saturn h , Herschel ^ : 

Of four Asteroids, or minor planets, Ceres V , Pal- 
las 9 , Juno ^ , and Vesta 9 : 

Of eighteen secondary planets, the Earth's Moon, 
Jupiter's four Satellites, Saturn's seven, and six be- 
longing to Herschel : 

And of a considerable number of Comets. 
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Obs. 1. FvotBHT supposed the earth to be perfectly at rest, 
and the sun, moon, planets, comets, and fixed stars, to revel ire 
about it every day ; and that, besides this diurnal motion, the 
sun, moon, planets, and comets, had a motion in respect to the 
fixed star|, and were situated, in respect to the earth, in the 
Allowing order : the Moon, Mercury, Venus, the Sun, Mars, 
Jupiter, Saturn. 

S. The system rdceivedby the Egyptians was, that the earth 
was immoveable in the centre, about which revolved, in or- 
fter, the Moon, Sun, Mars, Jupiter, and Saturn ; and about 
the San revolved Mercury and Venus. This disposition will 
account for the phases of Mercury and Venus, but not for the 
apparent motions and retrogradations of Mars, Jupiter, Saturn, 
and Herschel. 

3. In the system of Tycho Brahe, a Danish nobleman, the 
4arth is placed immoveable in the centre of the orbits of the 
sun and moon, without any rotation about its axis ; but he 
made the sun the centre of the orbits of the other planets, 
Which therefore, revolved with the sun about the earth. 

4. The system which is now universally received is 'called 
ihe Copemiean^ or Solar System, It was taught by Pythago* 
vas, 50O years before Christ ; and afterwards rejected, till re* 
Vived by Copernicus, in the sixteenth century. In this S3rs- 
tem the Sun is placed in the centre of the system, about which 
the planets revolve {h)m west to east, in the following order : 
Mercury, Venus, the Earth, Mars, Jupiter, Saturn, and the 
H^rschel planet: beyond which, at immense distances, are 
placed the fixed stars. The Moon revolves round the earth ; 
and" the earth turns about its axis. The other secondary 
planets move round- their respective primaries from west to 
east, at different distances, and in different periodical times. 

5. In the fig. the solar ststeu is represented. S is the 
Sun in the centre, surrounded by circles, representing in sue* 
cession the orbits of Mercury, Venus, the Earth and Moon, 
Mars, the four Asteroids; C Ceres, P Pallas, J Juno, V Ves- 
ta, Jupiter and his four Moons, Saturn, his ring, and seven 
moons, and Herschel and his six moons. The student will 
find it a pleasant exercise to draw the system on larger pigpern 
in which the distances should be in ex(ict proportion. 
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6. There are several ways of demonstrating that the planets 
move round the sun ; one or two of which shall be men- 
tioned : thus Mercury and Venus always appear in the neigh- 
bourhood of the sun, and therefore, if the sun revolved round 
the earth as a centre, so must those planets ; but if they did, 
then the motion of each would always appear to the inhabitants 
of the earth nearly equable, and in the same direction ; 
whereas now they are sometimes stationary, or appear to have 
no proper motion : sometimes they move eastward in reference 
to the fixed stars, and their motion is then called direct, pro- 
gressive, or tn coruequentia ; sometimes they move westward, 
or have a retrograde motion, and are then said to move in an- 
tecedeniia : all which appearances are necessary when we ad- 
mit the sun to be the centre of tlieir orbits and of the earth s, 
but wholly irreconcilable with any other hjrpothesis. 

Also, when Mercury and Venus appear in conjunction wjth 
the sun, they are sometimes hid behind the body of the sun, wad 
sometimes pass between it and the earth, appearing like a dark 

10* 
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Spot on tb« tOii'i disc or &c« ; but if thej hare Ifttitud*, whMXt 

in tti BaperiorimijuDctioo, that ii, when beyond theaim, th^ 
shine with a &ce perfectly circular, like a full moon. Bat the 
face disappears in its inferioF conjunction, that ii, when it it 
between as and the iiui, aa th^-moon does at her change ; 
-iriience it is eTident that their orbits ore between the buh and 
the orbit of the earth. Mais soioetunes appears in oppoeitioil 
bi the sun, which prorei that its orbit includes that of the 
earth ; and that it includea the Sun is plain, otherwise Man 
would in its conjonction with the Sun djsappear, like Mercu- 
ry and Venus, which never happens : the same maj be ob> 
served of Jupiter, Satam, anl Herschel. 

7. The motions of the earth in its orbit are proved, by the 
effect of its motion on the apparent motions of the several 
plauetary bodies. Theae, as the earth happens to be situated, 
become stationary, retrog:rade, or direct, and the variatiani 
are exactly measured by motions referred to the eartb, like 
the motions of objeots asbore, when we are moving in ■ boat. 
203. The earth U of a globular form, because,, 
1. Thesbadawof the earth projected OD the moon | 
in an eclipae is alwaj* circular. — 2. The contexity of 
the surface of the sea is vUible ; the mast of an ap- 
proachiDgshipbeiDgseeobeforeitshull. — S.Thenorth 
polar star becomes niOFe elevated by travelling north • ' 
ward io proportion to the space passed over, — 4. Navi- 
gatore, by steering their course continually westward, 
arrive again at the place from whence they departed. 
DBnimiDBS ABLATine to tbe tkkrbbtbiai, clobk. 
Ob. The axit of the 
earth it an imagery line 
passing through tbe centre 
north and south, about 
which the diurnal revo- 
lution is performed. It is 
represented by the line 
) between A B, fig. 63. 

2. The PvUi of (be 
. earth are the extremities 
of this axis, A B. 

U.The Equator CD,ii 
an imaginary line pouinf 
round the earth east and 
west, at equal distances 
from the foles. 
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4. The 8iniaieir«l« EF, is called the ArtWi circle; fhe 
eircle 6 H, is called the Antarctic circle, 

5. The circle north of the equator I K, is called the tropic 
of Cancer^ that south of the equator L M, the tropic of Citpri- 
torn. 

6. The spaces between the ends north and south of the equa* 
tor are called stonei ; that space between the tropics is called 
the torrid tone; between the tropics and the polar circles are 
called the temperate zorus^ and north of the arctic and south of 
the antarctic circles are called ihe frigid sonet. 

7. Latitude is distance north or south of the eqtiator ; Ion* 
g^tude is distance east or west measured upon the equator, 
from any assumed point. 

Astronomical circles, whether larger or smaller, are divided 
into 360 degrees ; the length of & degree of course depends up- 
on the magnitude of the circle ; a degree on the earth is about 
69 1-2 miles. « 

DEFIVITIOaS RELATING TO THE CBLSSTtAL 6L0BE. 

Obe. 1. The surface of the Celestial Globe represents the 
internal surface of the imaginary hollow sphere of the hea- 
yens. -The lines and figures cm theglobe are of course ima« 
ginary. 

2. The line £B, is the 
tropic of Cancer, The line 
I D, is tiie tropic o£Capri» 
corn. The sun never goes 
north of Cancer nor south 
of Capricorn. 

3. TheliheCF, isthe 
Equator or EquinoctitU 
line, 

4. The line B I, is the 
Ecliptic^ and indicates the 
path that the sun appears 
annually to pursue in the 
heavens. It is divided 
into 12 equal parts, called 
signs of the zodiac. 

5. The points at which the ecliptic cuts the equator G H« 
are called tiie equinoctial points, 

6. Those two points of the ecliptic farthest from the equator 
are called Solitices, 

7. That space in the heavens about 16 degrees in width 
through the middte of which passes Uie eidiptic, is tatied the 
9odiac, 
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8. The latitude of a heavenly body is distance from the 
ecliptic : longitude is distance from the first degree of Aries. 

9. The sensible Horizon is an imaginary circle, which ap- 
pears to touch the surface of the earth, and separate the visi- 
ble'part of the heavens from the invisible. The rational Ho- 
rizon is a circle parallel to the former, the plane of which 
passes through the centre of the earth, and cuts the heavens 
into two equal hemispheres. 

10. The Poles of the Horizon are two points, the one of 
which, over the head of the spectator, is called the Zenith ; 
the other, which is under his feet, is called the J^adir* 

11. A circle which passes from north to south through the 
zenith of any place is called a Jderidian^ and is said to be the 
meridian of that place. The meridian of any place passing 
through the poles, and falling perpendicularly upon the hori- 
zon, cuts it in two opposite cardinal points, called North and 
South. 

\%. The Altitude otvAj heavenly body above the horizon is 
the part of a vertical circle intercepted between the body and 
the horizon^ or the angle at the centre of the earth measured 
by that arc. 

13. The Azimuth of a heavenly body, is the arc of the hori- 
zon intercepted between the meridian and a vertical circle 
passing through that body ; it is eastern or western as the body 
is east or west of the meridian. 

14. The Amplitude of a heavenly body at its rising or set- 
ting, is the arc of the horizon intercepted between the point 
where the body rises, and the east or west. 

15. The Declination of any heavenly body, is its distance 
from the equator ; and is either northern or southern. 

16. The Ri^ht Ascension of any heavenly body is its dis- 
tance from the first of Aries reckoned upon the equator. 

17. A planet's place, as seen from the sun, is called its Helio- 
centric place, and as seen from the f-arth, its Oeocentrie place. 

18. I'wo planets are said to be in Conjunction with each 
other, when they have the same longitude, or are in the same 
degree of ecliptic on the same side of the heavens, though 
their latitude be different. They are said to be in Opposition 
when their longitudes differ half a circle, or they are in op- 
posite sides of the heavens. 

19. The celestial sphere is called rights oblique^ or parallel 
as the equator is at right angles, oblique, or parallel to the 
horizon. 

204. As the earth revolves round its axis daily from 
'"est to eastythe heayeolybodies appear to a spectator on 
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the earth to reyolye in the same time from east to 
west, and the alternate succession of day and night 
is the effect of the revolution of the earth towards 
and from the sun. 

06i. For all the heaveoly bodies appearing; to move front 
east to west, while the eartti revolves firom west to east, the 
sun wiU appear, in each revolution, to rise above the horizon 
in the east, and after describing; a portion of a circle, to set in 
the 'west, and will continue below the horizon, till,i>y the re- 
volution of the' earth, it again appears in the east; and thus 
day and nig^ht is alternately produced. 

206. As the earth reyolves round the sun in 865 
days, 6 hoiirs, 56 minutes, 4 seconds, the sun appears 
to revolve round the earth in the same time, but im 
the contrary direction. 

06^. 1. It is manifest that the circle in which the sun ap^ 
pears to move, is the same in which the earth would appear 
to move, to a spectator in the sun. Hence the apparent place 
of the sun being found, the true place of the earth in its orbit 
is known to be 180<* distant. 

2. The orbit in which the earth revolves round the sun is 
not a circle but kn ellipse, having the sun in one of its foci. — 
For the computations of the sun^s place, upon this supposition, ' 
allowing for the disturbing forces of the planets, are found to 
agree with observations. 

206. The stars round the Zodiac are classed in 12 

Signs: Aries, Taurus, Gemini, Cancer, Leo, Virgo, 

Libra, Scorpio, Sagittarius, Capricorn, Aquarius, 

Pisces. 

Obi. 1. The names and characters of the signs are, Aries, 
t^ ; Taurus, ^ ; Gemini, n ♦ Cancer, q ; Leo, fj ; and 

Virgo, nj ; all northward of the equator. 

Libra, :iv ; Scorpio, ni ; Sagittarius, ^ ; Caprioomos, Vf t 

Aquarius, ^ ; and Pisoee, ^ ; ure southward of the equator 
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2. The nircle E, fig^. 64, represents that circle in the hea- 
vens in which the sun appears to move, called the ecliptic. 

3. The circles F 6, represent the broad belt or circle in 
the heavens occapied by the 12 constellations called the 
xodiac» 

4. The signs of the zodiac are clusters of stars, and are 
represented by figures drawn on the celestial gflohe. They 
are so situated that the earth in its annual revolution passes 
directly between theoi and the sun. 

The Sun as he appears to move round in the ecliptic, seems 
to enter these clusters of stars, and is therefore said to be in 
this or that sig;n or constellation. Thus, if a rig^ht line, fi^. 
64, be drawn from the earth passing; throug^h the sun till it 
reaches one of the constellations, the sun is said to be in that 
constellation in which' the line terminates. Thus when the 
earth is at A, the sun is in the constellation, or sig^n Aries; 
when the earth is at B, the sun is in Cancer ; when the earth 
is at C, the sun is in Libra ; when the earth is at D, the sun 
ifi in Capricorn. 
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5. The pupil will bear in mind that theobserTation founded 
on the idea that the»un and stars revolve round the earth, are 
founded upon appearance on/^ and not upon facts. He will 
therefore not forget while be is imagining that the heavens 
move around the earth that in fact they are stationary as it re- 
spects the earth, and it is the earth that moves round the son. 

207. The axis of the earth in every part of the 

earth's revolution about the sun, makes with the plane 

of its orb, that is, of the ecliptic, an angle of 66^ degrees, 

consequently the planes of the equator and ecliptic, 

make with each other an angle of 23^ degrees nearly, 

being the compliment of 90 degrees. 

Obs. 1. The obliquity of the ecliptic is not permanent, but 
is continually diminishing by the ecliptic approaching nearer 
to a parallelism with the equator, at the rate of about half a 
second in a year, or from 50'' to 55'' in 100 years.— The in- 
clination at this time is 23^ 27' 46" nearly. The diminntioo 
of the obliquity of the ecliptic to the eqaator, is owing to the 
action of the planets apon the earth, especially the planets 
Venus and Jupiter. The whole diminution, it is said, can 
never exceed one degree, when it will again increase. 

2. The diminution of the obliquity of the ecliptic is a con- 
sequence of the approach of the earth's axis towards a per- 
pendicular direction to the plane of the ecliptic ; but the 
earth's axis has, besides the progressive motion, a tremulous 
one, by which its inclination to the plane of the ecliptic varies 
backwards and forwards some seconds ; the period of these 
variations is nine years. The tremulous motion is termed 
the mutation of the earth's axis. Both these motions of the 
terrestrial axis are occasioned by the action of the sun, moon, 
and planets, on the earth. 

208. The difference of longitude at two places may 
be found by observing, at the same time from both, 
places, some simultaneous appearance in the heavens. 

Obs, If the eclipse of Jupiter^s innermost satellite, on the 
very instant of its immersion into the shadow of Jupiter, be 
observed by two persons at different places, it will be seen by 
both at the same instant. But if this instant, with reference 
to the day, be half an hour, for example, sooner at one place 
than at the other, because the places differ half an hour in 
their reckoning of time, their difference of longitude must be 
TO") 30'; because the whole ^60° are equal to 24 hours, and 
consequently every 15^ are equal to an hour. 



120 ^F ASTRON^bMY. 

209* Those who liye on opposite silks of the 
earth, but in the same parallel of latitude, haye oppo* 
site hours of the day, but the same seasons. 

Obt. Being both on &e same side of the equator and at th6 
same distance from it, when the sun's declination makes it 
BUmmer or winter in one of the places, it will be the same at 
the other ; but because they are distant from each other IBO® 
of longitude, when it is noon at one place, it is midnight at the 
other ; these are called Ptriaoci, 

210. Those who live in opposite parallels of lati- 
tude, but undei^the same meridian, have opposite sea^ 
sons of the year, but the same hour of the day* 

Obt, When the sun has declination towards the north pole, 
it will be summer to those who live in the northern parallel of 
latitude, and winter to those who live in the southern parallel 
of latitude. But having the same longitude, their hours of the 
day will be the same ; these are called Antaxi. 

211. Those who live in opposite parallels of latitude 
and opposite semicircles of the meridian, have oppo- 
site seasons of the year, and opposite hours of the day. 

Obs, 1. Because they are in opposite latitudes, they will 
have opposite seasons ; and because they are in opposite semi- 
circles of the meridian, they will have noon when it is mid- 
night at the other place ; these are called Antipodes. 

2. These and many other propositions will be better under- 
stood by means of the problems on the Globes and Maps, to 
be found m Ooldsmith^s Grammar'^ and his Royal Alias% 

212. The axis of the earth, in its circuit round the 
sun, being inclined to the plane or level of its orbit, this 

inclination occasions the succession of the four seasons. 

Obi. I. The earth's axis makes an angle of 66"* 32' with its 
orbit, that is, with the ecliptic, and always preserv<»s its paral- 
lelism, or is directed towards the same point, at an infinite dis- 
tance, in the heavens ; hence during one half of the year the 
north pole i? continually illuminated by the sun, and t^e 
south pole is all that time in darkness : and during the other 
half of the year, the south pole is constantly in the light, and 
the north pole is in darkness : and other parts in a proportion- 
al degree partake of this vicissitude, and create the variety of 
the seasons. 

2. The difference in the degrees of heat, is owing chiefly to 
the different heights to which the sun rises above Uie horizon 
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a&d ihe different l6ng;th of the days. Wheii the son risM high- 
est in smaifter it» rays &11 leas obliquely, end coosequenUy , 
more of them fall on any given portion of the earth's snrfaee 
than in winter, when the rays mil obliquely ; and when the 
days are long, and the nights short, the earth and air are more 
heated in the day than tihey are cooled in the night, and tho 
reverse when the days are short and the nights long< 
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nius. The lengthening and shortening of the days, and the 
different seasons, are produced by the motion of the earth T, 
fig. 65, in its orbit round the sun S. The axis of the earth 
N S inclines to the plane of the orbit, and is parallel to itself 
in all parts of the orbit. In June the north pole N inclines to 
the sun, and it is summer in the northern parts of the earth ; 
in December the north pole declines from the sun, and it ia 
winter in the northern and summer in the southern hemis- 
phere. 

213. Tbe orbit in which the earth reFolves about 

Abe sun, is not a circle but an ellipsis or oval. 

04f. 1. The sun's diameter being on the thirty-first of De- 
cember 31' 45", and on the second of July 32' 45", or nearly 
one thirtieth longer, and consequently so much nearer, and 
increasing and decreasing gradually, it is evident the orbit of 
tbe earth is an ellipsis. Newton found the mean diameter of 
the sun, to be 32' 1 2'\ but as above it is 32' 15''. 

2. In January therefore, the earth is in its perihelion^ and in 
July in ita upheHon^ and having a smaller eirde te traverse in 

11 
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its penhelieo-half than its apheUon-haU; it ia eig^t days long- 
er in performing the aphelion-half of its orbit than the peri- 
helion-faalf.* 

3. The motion of the aphelion point is 1^ 44' in 100 yean ; 
so that it will pass round the ecliptic in 20700 years. 

4. In the perihelion, the earth moves in its orbit 61' 1 1" per 
day, and in the aphelion, but 57' 10", being one-fifteenth less. 
Its mean daily motion is 59' 10 1-2". 

214. Twilight is occasioned by the atmosphere 
«ibo?e the horizon reflecting rays of the sun, when 
the sun itself is below the horizon. 

Obt* 1. When the sun is at any point below the horizon, it 
«annot be direcUy seen by a spectator. But, because rajs 
from the sun can pass to the part of the atmosphere above the 
head of the spectator, this part of the atmosphere will be ilia- 
minated before the sun rises, or after it sets, and will become 
visible by reflection to the spectator ; that is, twUighi will be 
produced. 

2. It is entirely owing to the reflection of atmosphere that 
the heavens appear bright in the day time. For without it, 
only that part would be luminous in which the sun is placed ; 
>and if we could live without air, and should turn our backs to 
the sun, the whol^ heavens would appear as dark as in the 
night. In this case also we should have no twilight, but a 
f udden transition from the brightest sunshine to dark night 
immediately upon the setting of the sun. 

3. The IwUight is longest in a parallel sphere, and shortest 
in a right sphere : and in an oblique sphere, the nearer the 
sphere apprbaches^to a parallel, the longer is the twilight, be- 
cause twihght lasts till the sun is eighteen degrees perpendi- 
cularly below the horizon. 

215. The atmosphere also refracts the sun's raysio 
such a manner, as to bring him into sight, eyery clear 
day before he rises in the horizon, and to keep him in 
view for some minutes, after he is really set below it. 
The effect ^of this refraction is about six minutes of 
time, or 33' of space, being rather more than the di- 
ameter of the sun or moon. 

^ Obs» From the same cause, the heavenly bodies appear 
higher than they really are, so that to bring the apparent alti- 
tudes to the true ones, the quantity of refraction must be sub- 
tracted. The higher they rise the less are the rays refracted. 
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and wheh the heavenly bodies are in the zenitfa, they suffer 
no refiraction. 

216. A Natural day is the time the sub takes in 
passing from the meridian of any place, till it comes 
round to the same meridian again ; but the natural 
days Bre not equal to one another : and the Equation of 
time, is the difference between the mean length of the 
natural day (or 24 hours) and the length of any single 
day measured by the sun's motion, or between mean 

time and apparent time. 

Obs, 1. For any nataral day is the time in which the earth 
perft)nns one revolution round its axis, and such a portion of 
a second as is equal to the sun's increments of right aseensios 
lor that day ; but the sun's daily increments of right ascension 
are unequal ; therefore the additional portion of the second 
revolution will sometimes be greater and sometimes less, and 
consequently, the times in wUch the natural days are com- 
pleted will be unequal. 

2. If the sun were to move uniformly round the equator in 
the same time in which it appears to describe the ecliptic, its 
apparent daily motion would be a measure of mean time. For 
the natural days in that case being liable to no variation, ei- 
ther from the inclination of the sun's orbit, or the irregularity 
of its motion, must be equal. 

OF THE 80N ©. 

2 1 7. The sun is a spherical body, situated near the 
centre of gravity ofthesystem of planets of which our 
£arth is one ; its diameter is 877547 English miles ; 
and it revolves round its axis in 25 days and 10 houi-s. 

Obs. 1. From several phenomena it is concluded that there 
18 an atmosphere which environs the sun, and extends to a 
considerable distance from it It seems likely also that its 
light and heat are created by gaseous combustion. Ealer 
makes the light equal to 6500 candles at a foot distance, while 
the moon would be as one candle at 7 1-2 feet ; Venus at 421 
ieet ; and Jupiter at 1320 feet. ConsequenUy the sun would 
appear like Jupiter at 130,000 times his present distance. 

2. The period of the sun's revolution about its axis has been 
determined by means of several dark spots of various figures, 
which may commonly be seen with telescopes ; in the same 
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maiinertere the periods of the Feyolation- of Mars, Venus,, 
and Japiter, about their axes, been determined ; whence it is 
inferred that this motion is general, and belongs to all the 
planets. 

3. In the year 1779, there was a spot on the sun, which 
Was large enough to be seen by the naked eye. It was divid- 
ed into two parts, and must have been 50,000 miles in diame- 
ter. Dr. Henchel supposes, that the spots in the sun are 
mountains on its surface, which he thin Ira may be more than 
300 miles high. He examined the sun with several powers 
from 90 to 500, and it appeared, that the black spots are the 
opaque ground or body of the sun ; and fhkt the luminous 
part is an atmosphere, whidi, being intercepted or broken, 
giTes us a glimpse of the sun itself. 

4. He concludes, that the sun has a veiy extensive atmos- 
phere, which consists of elastic fluids that are more or less 
lucid and transparent ; and of which the lucid ones famish 
VB with light. This atmosphere, he thinks^ is not less than 
1843, nor more than S765 miles in height ; and he supposes 
that the density of the luminous solar clouds need not be 
greater than that of our aurora borealis, to produce the effects 
with which we are acquainted. 

5. If one of these qwts appears upon the eastern limb or 
edge of the sun's disc, or face, it moves from thence towards 
the western edge in about 13 1-2 days. Here the spot disap- 
pears ; and in about 13 1-2 days more, it is seen again upon the 
eastern edge ; and so continues to go round, completing its 
revolution in 27 days ; during one half of which time we see 
it on the disc of the sun, and during the other half it disap^ 
pears. 

6. The quantity of matter in the sun, is to that in Jupiter 
nearly as 1100 to 1, and the distance of that planet from the 
sun, is in the same ratu) to the sun's semi-diameter ; conse* 
quently, the centre of gravity of the sun and Jupiter is nearly 
in the superfices of the sun. 

7. By the same method of calculation, it will be found, that 
the common centre of gravity of all the planets cannot be 
more than the length of the solar diameter distant from the 
centre of the sun. 

8. The sun^s diameter is equal to 100 diameters of the 
earth, and therefore its cubic magnitude must exceed that of 
the earth one million of times : and its mass is 329,620 times 
that of the earth, therefore, the sun would move but one foot 
by the action of the earth, while the earth would move 329, 
^20 feet by the action of the sun. 

9. Its similarity to the other globes of the eolar system, ht 
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solidity, stmosphere, sarfiice diversified with nountains, and 
T^Ueys, and rotation on axis, lead us to suppose, that it is 
most probably inhabited, like the rest of the planets, by beings 
whose organs are adapted to their peculiar circumstances. 

10. Though it may be objected, from the effects produced 
at the distance of 95,000,000 miles, that erery thing must be 
scorohed up at its surface, yet many facts shew that heat is 
produced by the sun's rays only when they act on a suitable 
medium ; or when radiated and reflected by suitable surfa* 
oes. On the tops of mountains of sufficient height, we al- 
ways find regions of ice and snow; though if the solar rays 
themselves conveyed all the heat we find on this globe it 
ought to be the hottest where their course is the least inter- 
rupted. 

11. If we are to consider aU light as analogous, from its 
equal powers on the eye, it seems likely that the light and 
heat of the sun are occasioned by the combustion of gas in the 
upper regions of its atmosphere, not dissimilar perhaps, to the 
combustion of carbnretted hydrogen gas, with which we have 
lately illuminated our streets and houses. The simultaneous 
production of light and heat, seems in truth, in all oases to be 
produced by the combustion of gas. 

12. Dr. Hersohel conceives the sun and planets to have a 
general motion at the rate of the earth's motion in its orbit, 
with relation to the fixed stars; but at this rate, if the dis- 
tance of the stars is 200,000 times that of the diameter of the 
earth's orbit, the sun would be 60,000 years in moving over 
the distance of the nearest fixed star. 

OF THE PRIMARY PLANETS. 

218. The primal^ Planets are those which regard 
the sun as their proper centre. The numher already 
known is seyen : Mercury, Venus, the Earth, Mars, 
Jnpiter, Saturn, andHerschel. 

11 * 
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Ob$, Fig»-S6 repreaants the {daaets ia their truQ. |)roportt«Bs* 
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219. Four small telescopic plafiets, called asteroids 
have lately been discovered between the orbits of Mars 
and Jupiter ; called Ceres, Juno, Pallas, and Vesta. 
ELEMENTS OF THE PLANETS. 

DEFIN1TI0»8. 

1. The san being placed in the focus of the elliptical orbit 
of a planet, the planet cannot always be at the same distance 
from the sun ; but will be farthest from it when in the ex- 
tremity A of the greater axis, most distant from the focus &, 
in which the sun is ; and nearest to it when in P.^ 

The point A is termed the 

HIGHER APSIS, or the APBE- 

LION ; and the point P, the 
LOWER APSi8,or the psri- 
belion: these points are 
constantly varying, and their 
motion in a century, is called 
the secular motion. 

The distance between the 
oeaitre of the ellipse C, and 
the sun or focus S, is called 

EXCENTRTCITT. 

The greater axis A P, is 

the LINE of APSIDES. 

The straight line S E, drawn 
from the extremity of the less 
axis E C to the sun, is the 

MBAV DISTANCE of the 

planet from the sun. 
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The^neaA dl&iance added to the exeentricity k equal to the 

APHJEL10N DI8TAHCS. 

And the mean distance less by the exeentricity is equal to 

the PBRIHELIOII DIfiTAVCE. 

When tiie sun or moon is at the greatest distance from the 
earth, it is^aid to be in its apogsb ; and when at the least dis- 
tance, in its PBRIGEE. 

2. A planet does not proceed in its orbit with an equable 
motion ; but in such a manner, that a line drawn from the sun to 
the planet, describes an area always proportionate to the time. 
For example, suppose a planet to be in A, whence in a certain 
time it arrives at B ; the space or area which the line S A, 
ealled the radivs vsctoe, describes, is the triangle ASB. 
Supposing the planet to be in P, let the straight line SD be so 
drawn that the areaPSB may be equal to the area ASP ; then 
the planet will move through the arcs AB and^ PD in equal 
times, ^oogh these arcs are unequal, being nearly to each 
otherreeiprocally as their distances from the' sun ; for the areas 
being equal, the arc FD is as much in proportion greater than 
the arc AB, as SP is less than SA. 

3. A planet's aitomalt is its distance from the aphelion. 
When a planet is supposed to move in a circle in the centre of 
which is the sun, the portion FG of the circle bears the same 
ratio to the whole circumference, that the time since the planet 
passed its aphelion does to the time of its whole revolution, and 
is termed the mean anomaly. If the elliptical orbit of a 
planet, be so divided that the area ASG shall have the same, 
ratio to the whole ellipse ABED, which the time since the planet 
passed its aphelion, has to its whole period, then is the angle 
ASG the measure of the planet's distance from the aphelion, 
at the time the planet is in G ; this angle is called the true 
AN OMALT. The difference between the mean anomaly, and the 
true anomaly, is called the sauATioir of the PlaneVs Centre. 

4. When the motion of a planet is reckoned from the equi- 
noctial point, it is called its longitude. There are tables of 
each planet's mean motion, and of the equation of its centre, 
with its relative distance from the sun, and its latitude in any 
part of its orbit ; whence its true place may be calculated at 
anytime. 

5. Let SG be a mean proportion between the semi-axis ma- 
jor CA, and the semi-axis minor CE, then, when the planet 
comes to the point G or L, the equation of its centre will be 
the greatest, and this greatest ECtVATioN varies according 
to the exeentricity of the orbit. 1 he points G and L may be 
found by observation, and as A lies equally between them, the 
aphelioQ may from them be determined. 
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6. A planet's BLOvaATieiv, or its angular distance from the 
•on, is an ansle formed at the earth by two lines, one drawn 
from the earth to the sun, and one frolh the earth to the planet 

7. A planet's fkriodic timk, or the time it takes in a re- 
volution about the sun, is found by observing when it is in any 
point of its orbit, and after any number of revolutions, ob^ 
serving when it comes to the same point again : that interval 
Off time divided by the number of revolutions, gives the time 
of one. This is called a tropical RBVOLVTioN; but as 
while the planet is making this revolution, the equinoctial 
j>oint is moved by the precession of the equinoxes, there will 
be an additional time required for the planet to move, before 
it will be with the same star it was with, when the former 
observation was made, and, therefore, the siDBRBAii rkvo- 
LVTiov, or that which brings it again to the same star, ex- 
ceeds the tropical. 

8i A person situated on the earth, will perceive that a pla- 
net will appear to move sometimes in the order of the signs, 
or DIRECT, and sometimes in a contrary direction, or rxtro- 
GRADB|^and to be sometimes statioitart. An inferior 
planet^s motion is direct through its superior conjunction, and 
retrograde through its inferior ; between which situations it is 
stationary, A superior planet is retrograde when in disposi- 
tion to the sun, and direct when in conjunction with it ; and 
between those situations it is stationary, 

9. The planes or levels of the planet's orbits are variously 
inclined to that of the ecliptic. The opposite points in which 
the plane of an orbit crosses the plane of the ecliptie, are 
called NODES : that at which the planet rises north of the 
ecliptic, Is called the ascending node^ and the other the de* 
seending node. The line which joins the nodes, passing 
through the sun, is called the line of the nodes, 

OF Mercury 9 . 
220. The diameter of this planet is 3180 miles. 
- Its sidereal reToIution 87d. 28h. 15'. 44". 
Loo^tude, January 1st, 1815, 8s. 

Annual Motion . «. 1 

Aphelion Place ; • .8 

Secular motion of aphelion 
Ascending node . . .1 

Secular motion of the node 
inclination of orbit 
Grreatest equation 4 

Bxcentrici^ in miles 
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Relative mean distance from the sum S8710 

Mean distance in miles ^ - 88,641,468 

ft 

Obs, 1. The greatest elongation of Mercury from the suk 
being but 28*^ W it is mostly- above the horizon when the sua 
is ; and, therefore, is seldom seen. When it is visible it is in 
the east just before san-rise, or in the west soon after sun-set« 
^cording^ly as its place follows or precedes that of the sun. 

2. When viewed with fei telescope, it appears with phases 
similar to the moon. When in its inferior conjunction, if its 
latitude be less than the semi-diameter of the sun, it passee 
over the sun's face; this is called a transit of Mercury. 

3. The density of the sun^s heat, which is in the same pro- 
portion as his light, is seven tim^s as great in Mercury as with 
XLS ; so that water there, would be carried off in the shape of 
steam : for by experiments with the thermometer, it appeara 
that a heat 7 times greater than that of the sun's beams in 
summer, will serve to make water boil. This however de«. 
pends on the weight of the atmosphere of Mercury. 

OF Venus Q . 

221. The diameter of this planet is 9498 miles, 
It revolves round its axis in 23h. 20'. 
Sidereal revolution 224d. 16h. 49' 10". 6. 
Longitude, Jan. r, 1816 . 93. ll^ 46'. 

Annual motion . . . 7 14 47 30 

Aphelion . . . . 10 8 36 18 
Secular motion of aphelion . 1 21 

Ascendmg node . . . 2 14 57 18 
Secular motion of node . . 61 40 

Inclination of orbit ... 3 23 36 
Greatest equation ... 47 20 

Relative eccentricity . . , , 498 

Excentricity in miles . . 466387 

Relative mean distance from the sun 72333 

Mean distance in miles . • • 68,891,486 
The greatest elongation, is 47*^.48'. 

Obs. 1. When the elongation of Venus is 39*> 44' between 
its inferior conjunction and greatest elongation, it appears 
brightest ; for then, though its pha^is is but the 53.200ths of a^ 



139 OF THE «ARTU. 

drele, it is so mach nearer to the earth than in its superior 
conjunction, when.it appears with a perfect disc, that the 
want of surface is more than compensated by the intenaeneas 
of the light : in that situation Venus is often seen by the un- 
assisted eye in broad day-light. 

2. Like Mercury, it sometimes passes over the sun's face, 
and its transit has been applied to one of the most important 
problems in astronomy, as by it, the true distances of the pla- 
nets from the sun have been determined. 

3. When Venus is to the west of the sun, it rises before 
the sun, and is called a morning star ; this appearance con- 
tinues about $90 dajTS together ; when this planet is to the 
east of the sun, it sets after the sun, and is called an evening 
star for about the same period, 290 days. Venus appears the 
brightest of the planets : it has a considerable atmosphere, 
and some astronomers assert, that they have discovered moun- 
tains on its surface. 

OF THE EaETH ®. 

222. The diameter of the earth is t928 miles. 
It revolres round its axis in 23h. 56'. 4". 
Sidereal revolution 366d, 6h. 9'. 11". 5. 



Longitude, Jan. 1st, 181^5, 3s. 10'' 
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Aphelion . • . .39 
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25 


Secular motion of aphelion . 1 


43 


35 


Greatest equation . ... 1 


65 


36.6 


Horizontal Parallax, or angle of its se- 






mi-diameter at the sun, . . 8*^. 


66". 





Inclination of axis, Jan. 1816, . 23*>. 27'. 46". 4 

Relative excentricitj . . 1681.395 

Excentricity in miles . • . 1,571,285 

Mean distance from the sun . . 95,173,127 

223, In the daily revolution of the earth round its 
axis, the centrifugal force diminishes the weight of bo- 
dies more at the equator than in any other place on the 
surface of the earth, in the duplicate ratio of the se- 
mi-diameter to the cosine of the latitude of the place. 

Obt. 1. As the earth rerolires upon its axis, everyplace on 
its sur&ce, except the two poles, describes a circle, the plane 
of which is perpendicular to the axis, and the radius of which 
^' *h» dutanoe of thatsivfiice from the aadst 
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S. Whence a body at the equator ha« its eentriftig;al force 
as much greater than a body between it and the pole, as the 
radiiifl of the circle of the equator is greater than that radios ; 
and uniTersally, the centrifogal force at the equator, is to the 
centrifugal force at any other place on the surface of the 
earth, as the semi-diameter of the earth is to the cosine of the 
latitude of the place. And since it is manifest, that the gra- 
vity must be diminished as much as the centiifugal force ia 
increased, the gravity of a body at the equator, is as muph 
less than that of a body at any other place on the earth, as 
the semi-diameter of the earth is greater than the cosine of 
the latitude of the place. 

3. It is found by^culation from this prop, that gravity at 
the equator is dimmished by the centrifugal force, in the ra- 
tio of ^8 to 289, and if the diurnal motion of the earth round 
its axis was about 17 times fiiater than it is, the centrifugal 
force would at the equator, be equal to the power of gravity, 
and all bodies there would entirely lose their weight, But if 
the earth revolved still quicker than this^ they would all fly 
off. 

4. Since a place in the equator describes a circle of 24,930 
miles in 24 hours, it is evident tiiat the velocity with which 
that place moves, is at the rate of 17.3 miles per minute. The 
velocity in any parallel of latitude decreases in the proportion 
of the cosine of latitude to the radius. Thus, for the latitude 
of London, say, as rad. : cos. 51^. 30'. :: velocity of the equa- 
tor ; velocity of London ; bv logarithms, as 10.00000 : 
9.794150:: 1.232046 : 1X>26196^10.6 miles; that is, London 
moves about the axis of the earth at the rate of more than 
10 1-2 miles in a minute of time. 

5. Lagrange calculates that the obliquity of the ecliptic 
has diminished 2000 years, and wfll diminish 2000 more, and 
Schubert determines its limits at 209 34' and 27<' 48'. Its 
variation in a century is 60". On January 1, 18 15, it was 23^ 
27' 46 "4. 

224. The earth is an oblate spheroid > elevated at 
the equator and depressed at the poles. 

Obs» 1. It has been found by observation, that a pendulum, 
shorter by 2.169 lines, is required to vibrate seconds at the 
equator than at the poles ; but the length of pendulums vibrat- 
ing in the same time are as the gravities of the places where 
they vibrate ; therefore the gravity at the poles is greater 
than at the equator. And it has been found by Sir I. Newton, 
that this difference of gravity is so much greater than would 
arise from the centrifugal force alone, that the ratio of the 
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equatoriid diameter of the earth to the polar diameter, must 
be as 230 to 229, which makes the equatorial diameter exceed 
the polar by about 34 miles. 

2. Hence bodies near the poles are heavier than the same 
bodies towards the equator ; (1) Because they are nearer the 
earth's centre, where the whole force of the earth's attraction 
is accumulated ; (2) Because their centrifugal force is less on 
account of their diurnal motion beings slower. For both these 
reasons, bodies carried from the poles towards the equator, 
gradually lose their weig^ht. 

3. And the\ degrees of latitude upon the earth's surface are 
longer at the poles than at the equator. For an arc of a me- 
ridian near the poles is less curved than near the equator ; 
that is, it is an arc of a larger circle : whence a degree mea- 
sured upon that arc, must be greater than upon an arc of the 
same meridian at the equator. 

225. The equinoctial points move in antecedentiayOV 
go backwards froiaeast to west, contrary to the order 
of the signs. This motion is called the precession of 
Ihe equinoxes^ because it carries the equinoctial points 
forward in regard to the signs. And the precession of 
the equinoaces make the tropical year shorter than the 
periodical year. 

Obs. l£, while the sun moves in the order of the signs, the 
equinoctial point moves in the contrary direction, it is mani- 
ft«t, that the tun must arrive at the solstitial or equinoctial 
point from which it set out, before it arrives at the same place 
in the zodiac, or must complete the tropical year sooner than 
the periodical year. The tropical year is observed to be 365 
days, 5 hours, 49 minutes ; the periodical year, 365 days, 6 
hours, 4 minutes, 56 seconcU. 

226. The precession of the equinoxes is caused by 
the action of the sun and moon on that excess of mat- 
ter about the equatorial parts of the earth, by which, 
from a perfect sphere it becomes an oblate spheroid. 

Obs. 1. If the excess of matter at the equator be considered 
as a ring encompassing the earth at any distance, as Saturn 
is encompassed by its ring ; if it be supposed that this ring 
moves round its centre, the same way in which the moon 
move round the earth;' it is obvious that every point of 
this ring will be acted upon by the disturbing force of the sun 
in the same manner as the moon is acted upon. Par- 
^^c^darly, the motion of the nodes of tiriB ring, and cen- 
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Mquently, of the whole riog^ which moves with those nodesi 
aod its inclioatioD to the plane in which its centre moves will 
be affected h^ the same manner with the orbit of the moon : 
whence, its nodes when in syzyg^ies will standstill, and its in- 
clination will be greatest ; bat in all other situations, the 
nodes will go backwards, and fastest of all when in the quad- 
ratures, at which time the inclination of the ring will be the 
least. This will be the case whatever be the thickness of the 
ring, or its distance from the centre. If this ring be supposed 
to adhere to the earth, it is obvious that it will still have the s 
tootious described above, and that, in this situation, the earth 
itself m ust participate of these motions. 

2. Hence the axis of the earth, being perpendicular to 
the plane of the 'equator, changes there with its inclination to 
the plane of the ecliptic twice in every revolution of 
the earth about the sun. For instance, it increases whilst 
the earth is moving from the solstitial to the equinoctial, and 
diminishes as much in its passage from the equinoctial to the 
solstitial points : which phenomenon is called the nutation of 
the poles. 

3. This precession of the equinoxes is found to be 50 seconds 
of a degree every year, westward or contrary to the sun's an- 
nual motion : so that with respect to the fixed stars, the equi- 
noctial points fall backwards 30 degrees, in 2160years, whence 
the stars will appear to have gone 20 degrees forward, with 
respect to the signs of the ecliptic, which are reckoned from 
the equinoctial poipt. Thus, the stars which were formerly 

^n Aries, are now in Taurus, ^c. This period is completed 
in 25,920 years. 

4. The student should be aware that the precession of the 
equinoxes which merely changes the position of the stars with 
reference to the nodes on the earth^s orbit, is different from 
the progression of the line of Apsides, or of the Aphelion or 
Perihelion points at the rate of 1^ 44' in a century, or round 
the ecliptic in 20700 years. Sir Richard Phillips, deduces 
from this motion, and from the varied action of the Sun in both 
hemispheres, a theory, by which be accounts for the present 
aggregation of water in the southern hemisphere, and con- 
cludes, that the same aggregation- will take place in the 
northern hemisphere, when the Perihelion has its utmost 
northern declination. 

227. There are two tides every twenty-four hours, 

and they are caused by the attraction of the moon vsxd 

of the sun. 

12 
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1. Let kpLn fig. 68, be the earth, ftnd C iX^ centre ; let the 
dotted circle FN represent a mass of water covering the sur- 
face of the earth ; let M, m, be the moon : S, «, the sun in dif- 
ferent situations. Because the power of gravity diminishes as 
the squares of the distances increase, the waters on the side 
of the earth A are more attracted by the moon at M, than the 
central parts of the earth C, and the central parts are more 
attracted than the watel*s on the opposite side of the earth at 
L ; consequently, the waters on the side L will be attracted 
less than the centre, or will recede from thence. Therefore^ 
while the moon is at M, the waters will rise towards a and \ 
on theopposite sides of the earth A,L ; while, by the oblique at- 
traction of the moon, the waters at P and N will be depressed. 

2. Or thus; because the moon and earth are continually re- 
volving about their common centre of gravity, suppose a ; the 
points A, C, L, describing circles about this common centre ia 
the same periodical times, the forces acquired to retain them in 
these circles, will be to each other as their distances from the 
centre aA,aC,aL. Consequently, the point L requires a great- 
er force than C, and C than A, to retain it in its orbit. Now , 
these points are retained in their respective circles by the moon < 
at M ; and, consequently, the point L, which is most remote, 
and therefore requires the greatest force, is attracted the least, 
whilst A, the nearest point, id attracted the most. Thus, the 
water about A being attracted too much, and that about L 
too little, both will have their gravity diminished by the action 
'»f the moon, and will endeavour to leave the centre C j while 
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the water at P and N, having their g;rayitj increased by the 
same cause, will subside. Hence the form of the water on 
the surface of the earth will become an oblongs spheroid. 

3« This dval of waters keeps pace with the moon in its 
monthly course round the earth ; while the earth, by its daily 
rotation about its axis, presents each part of its surface to the 
direct action of the moon, twice each day, and thus produces 
two floods and two ebbs. But because the moon is in the 
mean time passing from east to west in its orbit, it comes to the 
meridian of any place later than it did the preceding day ; 
whence the two floods and ebbs require nearly 25 hours to 
complete them. The tide is at the greatest height, not when 
the moon is in the meridian, but some time afterwards, be- 
cause the force by which the moon raises the tide continues to 
act for some time after it has passed the meridian, 

4. As the moon thus raises the water in one place, and de« 
presses it in another, the sun does the same ; but in a much 
less degree, on account of the small ratio of the aemi-diame* 
let ofSke ea|ih to the distance of the sun ; for, as it was shewn 
of the moon, that the force of the sun l^ whidi it disturbs iti 
motion is as the distance of the moon mim the earth to that 
of the sun iromvthe same, so, in this case, Ihe force of the sua 
ta disturb the waters is as ihe semi-diameter of Ihe earth to 
the distance of the sun, whidi ratio is very small. 

2S8. The tides are greatest at the new and full 
moons, and least at tke first and last quadratures, and 
the tiighest tides are near the time of the equinoxes. 

When the moon is in conjunction or opposition with the sun, 
as M, m, S, the tides which each endeavours to raise are in the 
same place ; whereas, when the moon is in the first or last 
quarter, the sun beii^ in the meridian when the moon is in 
tiie horizon, as M, Q, depresses the water where the moon 
raises it ; whence tiie .tides are then the least of all. On the 
full and new moons, which happens about the equinoxes, when 
the luminaries are both in the equator or near it, tiie tides are 
the greatest of all : for first, the two eminences of water are 
at the greatest distance from the pole«, and hence the difier- 
ence betweeft ebb and flood is more sensible,; for if 
those eminences were at the poles, it is obvious we 
should not perceive any tide at all; secondly, the equa- 
torial diameter of the earth produced passes through the 
moon, which diameter is longer than any other, and conse- 
quently, there is greater disproportion between the dis- 
tances of the zenith, centre, and nacUr, from the centre of 
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gravity of the earth and moon, in this sitaation, than in any 
other : and thirdly, the water rising; hig;her in the open seas, 
rashes to the shores with greater force, where being stopped, 
it rises higher still ; for it not only rises at the shores in pro- 
portion to the height it risee to the open seas, but alw ac- 
* oording to the velocity with which it flows from thence against 
the shore. The spring tides which happen a little before the 
vernal and after the aatamnal equinox, are the greatest of 
aU, because the sua is nearer the earth in winter t£an in the 
Aumnier. 

229. When the mooa is in the northern hemisphere, 
it produces a greater tide while it is in the meridian 
above the horizon, than when it is in the meridian be- 
low it ; when in the southern hemisphere, the reverse. 

Obi. For the like reason, when the mooq is in the sonth- 
mta signs, the greatest tides on the other side of the equator 
will be when it is below our horisoo, and the least tides whea 
His above it. 

% What hath been said of the tides, must be understood 
upon supposition, that the globe of the earth is entirely cover- 
ed with water to a considerable depth ; but continents which 
stop the tide, atreights between them, islands, and the shal- 
lowness of the sea in some places, which are all impediments 
to the course of the water, cause many exceptions which caa 
only be explained from particular observations on the nature 
•f tides at different places. 

OF Mars i. 

230. The diameter of Mars is 5400 miles. —It re- 

Tolves about its axis in 24h. 40^ 

c. , , w < 686d. 23h. 30'. 35" 6. 

Sidereal revolution { - o»i j^ ,« 

^ or 1 year, 321 days. 

Longitude, Jan. 1, 1815 

Annual motion . . . 

Aphelion .... 

Seci|lar motion of aphelion 

iNode , , , , 

Secular motion of node 

Inclination of orbit 

G.*eatest equation . . 

Kelative excentricity , . 14183.7 
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Excentricity in miles » - 13,254,852 
Relatire mean distance from thesun 1 52,369.27 
Mean distance in miles - - 145,014,148 

06#. 1 . When Mars is in opposition to the sun, it is nearest 
to the earth, and its diameter consequently appears the great-* 
est. It never shines with a bright light, but has a red ap- 
pearance, whence it is concluded it has a dense atmosphere. 
It appears with different phases according to its position, 
though never homed, its (ace being always greater than a 
semi-cirde. 

The following particulars respecting Mars are given by Dr. 
Herschel, after long and accurate observations. ' 

The axis of Mars is inclined to the ecliptic 59® 42'. 

The node of the axis is in 17^ 47' of Pisces. 

The obliquity of the ecliptic on the globe of Mars, is 28*^ 42^ 

The point Aries on the martial ecliptic answers to our 19^ 
28' of Sagittarius. 

The figure of Mars is that of an oblate spheroid, whose 
equatorial diameter is to the polar one as 1355 to 1272, or aH 
16 to 15 nearly. 

The equatorial diameter of Mars, reduced to the mean dis- 
tance of the earth from the sun, 9" 8"'. 

And that planet has a considerable, but moderate atmosphere, 
so that its inhabitants, probably, enjoy a situation, in many re- 
speicts, similar to ours. 

Op Vesta 5 • 

231. Diameter 1800 miles. 

Distance from the sun - 224,145,000. 

Sidereal revolution - - 4 years, 4 months* 

Inclination of orbit - - 16** 

Excentricity in miles - - 30,000,000 

Ascending node - - 5s. 11^ 6' 

Of Juno or Harding 9. 

Diameter 1500 miles. 

Distance from the sun - - 253,541,000 

Sidereal revolution - - - 5 years. 

Inclination of orbits - • « • tl^ 
]&Lcentricity in nules - - - 60,000,000 

12* 
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OF CERES OR PIAZZA f • 

233. Diameter 1700 miles. 
Sidereal revolution 1680 days^ or 4 years 266 days. 

Distance from the sun - - 263,344,042 

'Excentriciiy - - - 21700 

Inclination of orbit - - - 10^36' 

Ascending node - - - 25 21 6 

Longitude, Jan. 1, 1801 - 25 %! 19 

Aphelion - - - 10s 26 9 

OF PALIiAS OR OLBERS ^ • 

234. Diameter 2000. , 

Sidereal revolution j J^ ulyr^^''''''^"'''"^^'' 

Distance from the sun ^ - 263,153,691. 

-Excentricity - - * 

Inclination 

Ascending node - * . 

Longitude, Jan. 1, 1804 

Aphelion ... 

Annual motion ... 

Obs, These aoomalous bodies, so unlike the other primary 
planets, Dr. Herschel has denominated Asteroids. Probably 
they are the fragments of some comet ; or perhaps other si- 
milar bodies abound in the solar system, thoug^h they have 
hitherto from their smallness or darkness, escaped observa- 
tion. 

OP JUPITER %• 

285. Diameter 94000 miles. 
Diurnal rotation 9h. 56'. 
Sidereal revolution 4332d.l4h,27' 10.8,or lly.315d, 
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Greatest equation ^ « - 5 31 

Relative excentricity - - 2d013.3 

E-xcentricity in miles • ^ - 23376464 

Mean distance in miles • 496,990,976 

s» Obs, 1. Jupiter is the largest of the planets, and has a bright 

appearance ; but less so than Venus, on account of its much 

greater distance. Like Mars, it appears largest when in op« 

position to the sun; when it is to the west. of the sun, it is a 

morning star, and when to the east of it an evening star. Its 

axis being nearly perpendicular to the plane of the orbit, 

there is but little diversity of seasons. It is surrounded by 

many faint substances, called belts, which are parallel to its 

equator ; th^r numbers are variable ; between them are fre* 

quently seen dark spots. Jupiter has four satellites. 

2. Jupiter is surrounded by cloudy substances, subject to 
frequent changes in their situation and appearance, called hii 
Belts. The Belts are sometimes of a regular form ; sometime^ 
interrupted and broken ; and sometimes not at all to be seeo. 

OF SATURN h« 

236. Saturn's diameter is 78000 miles. 

Diurnal rotation lOh. 16'. 

o., , 1 ♦• S 10769d. lh.61. U.2 or 

Sidereal revolution < gg -gp, 

Geo. longitude, Jan/l, 1816 - 10s. 0^. 32'. 

Annual motion - - - 12 13 19 

Aphelion - - - 8 29 16 11 

Secular motion of aphelion • - 1 60 7 

Node . - - 3 22 6 40 

Secular motion of node f - 66 30 

Inclination of orbit - - 2 29 60 

Greatest equation - •* - 6 $6 42 

Relative excentricity ... 63640.42 

Excentricity in miles - - 60127670 

Mean distance in miles - - 907,966, 130, 

237. Saturn is a beautiful object for a good telescope^ 
having sbven moons^a doubx<e BiNO,and substances si- 
milar to the belts of Jupiter. Saturn's ring is a thin, 
broad, opaque circle, encompassing the planet without 
touching it ; and is very similar to the horizon of a globe 
surrounding ^he globe : and as Saturn's axis i^ perpe 
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dicularto its ring, if the globe be rectified for the pole, 
it will aptly represent the planet and the ring. 

Obs. 1. The dutance of the inner ring from Saturn is 43807 
miles, and its breadth 19024 miles : between the two rings is a 
6pace of 2927 miles ; and the breadth of the outer ring is 7317 
miles. Saturn has an atmosphere extending to the ring. The 
light of this planet is pale and feeble, on account of its great 
distance. 

2. The latter discoveries of Dr. Herschel have shewn, that 
what was supposed to be a single broad flat ring of Saturn is 
divided into two parts, lying exactly in the same plane, and 
revolving about an axis perpendicular to that plane, in lOh. 
32' 15". 

Of Herschel 9* 
238. The diameter of this planet is 35109 miles. 
Sidereal revolution 30737d. or 83y. 32 Id. 
Geo. longitude, Jan. 1, l8l6. - 88. 4** 53' 
Annual motion * • - -0041 30.7 
Aphelion - - - - 11 16 38 51 

Secular motion of Aphelion - - 1 28 

Ascending node - - - 2 12 53 
Secular motion of node - - 26 10 

Inclination of orbit - - - 46 20 

Greatest equation - - - 6 27 16 

Relative excentricity - - 90,8Q4 

Excentricity in miles - - 84,867,518 

Relative mean distance from the sun 1 ,920,330 
Mean distance in miles - - 1,816,074,574. 
Ob», 1. This planet was discovered by Dr. Herschel, oa 
March 13, 1781. Its appearance is like that of a star of be* 
tween the sixth and seventh magnitude, and therefore can 
jBcarcely be seen without a telescope. The Herschel has six 
satelhtes. He modestly called it Georfrium Sidut, 

^, If the planets Mercury, Venus, the Earth, Mars, Jupiter, 
and Saturn, be in conjunction at any time ; in the period of 
S80,000 years they will be very nearly in conjunction again: 

Revoiutiom, Seconds, 
Mercury after m^kipg -r 1 162577 in 8836185098921 
Venus .... 455122— 883559568944S 

The Earth - - r £80000 — 8835940680000 
Mftrs . ^ . . 149878^8835946619500 
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Revolutions, Swondu 
Jupiter * . . - * 23616 in 8835946544448 
Saturn - - . . 9516 - 8835946558608 
3. An easy .distinction between a. planet and a fixed star if 
this : the former shines with a steady light, but the latter is 
constantly twinkling. This twinkling or scintillation of a 
star is occasioned by the irregular progress of the light from 
such distant bodies to the eye. 

OF THE SECONDARY PLANETS. 

239. The secondary planets are those which move 
round some primary planet, as their centre,in the same 
manner as the primary planets move round the sun. 

The earth is thus attended by one secondary pla- 
net, called the Moon ; Jupiter by four^ Saturn by se- 
ven, and Herschel by six. 

240. The motion of a secondary planet in its orhit 
is not nearly so uniform as that of a primary ; because 
though every secondary gravitates chiefly towards it&^ 
primary as a centre, yet its motion is much disturbed 
by the unequal action or influence of the 6un. 

aF THE MOON •• 

241. Its diameter is 21^0 miles. 

It revolves about its axi^in 29d. 12h. 44'.2". 8283, 
Mean distance from the earth • 236347 milei^. 
Mean excentricity . * 13035' 

Greatest equation . * 6<>. 18', 32''. 

Greatest inclination of orbit . 5 18 
Least inclination of orbit • 5 
Greatest diameter . » 33 24 

Least diameter > . 29 22 

Tropical revolution . 27d. 7h. 43'. 4".6795 

Sidereal revolution • 27 7 43 II 5259 

Synodic revolution • . 29 12 44 2 .828S 
The excentricity * 13,700 miles. 
Horizontal parallax • 63' 46" to 61' 26". 
Sidereal revolution of the 

apogee . , 8y.312 U 11 39.4049 
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Sidereal rerolution of 

the node - - 18y.223 7 13 17.744 
Longitude, Jan. 1, 1816 5s. 26*. 13'. 53'^ 

Diurnal motion, in respect 

to the equinox - - 13 10 35.0278 

New moon January, 1815, at lOd. Ih. 57'. 

/>€/. 1. The tropical revolution sfgnifies the complete revo- 
lution of 12 si^s, performed round the earth, ^nd is sometimes 
called a periodical month. 

The «tVi<rea/ signifies a completion of the motion to the same 
star, and is something longer than the tropical on account of 
the precession of the equinoxes. 

The synodic revolution is the time from one conjunction 
witii the sun, or one new moon to another, this exceeds the 
sidereal, and it wiU be found that in 29d. 12h. 44'.2".8283 that 
the moon will be again in conjunction with tiie san, the earth 
being at the distance of 29^. 6' 20'.2 from the place of the for- 
mer conjunction. 

2. When the moon is at its greatest distance from the earth 
in its orbit, which is ecliptical, or at its higher apsis, it is said 
to be in its Apogtt ; when at its lieast distance, or lower apsis 
in its Perige€, 

3. When the moon is in conjunction with the sun, it is JVWr 
Jlloon ; when in oj^sition, it is Full J^oon : its conjunctioii 
and opposition are called by the common name of its Syzygia> 

242. The moon at its conjunction, is invisible ; at 
its opposition, its whole disc is enlightened ; at its 
quadratures, it is half enlightened ; between the con- 
junction and quadrature, it is homed ; and between 
the quadrature and opposition, it is gibbous. 

(5e« Fig, ed-^FrarUispiece,) 

Jlhu. S is the sun, T the earth, ABC, &c. the moon in its 
orbit. One half of , the moon is always enlightened by the sun. 
At A, the moon is between the earth and sun, it is then new ; 
and is invisible as represented at a: at B the enlightened part 
X zJB turned to the earth, and she appears homed as at 6 ; at C 
the half of the enlightened side is turned to the earth, and she 
appears a half moon as at e ; at D the part x zib turned to tlbe 
<Hkrth, and it appears as at if ; and at £ the whole of the en- 
lightened part of the moon is turned to the earth, and we have 
full moon as at e. As she passes through the rest of the orbit, 
she puts on the same pbas^ as before, but in a OQntrary order* 
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Obs. Th« earth most be a satellite to the moon, and snfojeet 
to the same changes, but more than 13 times larg^er than the 
moon appears to us. At new moon to as, the earth appears 
full to her'. 

245. The moon always has nearly the same side 
towards the earth.. 

Obt. 1. Hence if the moon revolves aboat its axis, its perio- 
dical time must be equal to that of its revolution in its orbit 
Toand the earth. This is also found to be the oase with the 
fifth satellite of Saturn as it reg;ards the primary* 

2. Though the year is of the same absolute length, both to 
the earth and moon, yet the number of days in each is very dif- 
ferent ; the former having 365 1-4 natural days, but the latter 
only about 12 7-19, every day and night in the moon being as 
long as 29 1-2 on the earth. 

244. The moon appears to have two librations, 

one upon a line perpenfdicular to its axis, called its 

libration in latitude ; the other upon its axis, called 

its libration in longitude. 

Obs. This appears from observation ; some small portions 
of the surface of the moon being visible in some parts, and 
invisible in other parts, of its orbit ; that is, in consequence 
of her libration in latitude we sometimes see one pole and 
sometimes the other. And by this libration ia longitude, 
more of the western limb is sometimes seen, and at others 
more of the eastern. The inclination of her axis to her orbit 
is 60<> 49'. 

245. The nearer the moon is to its syz^ies.^^ the 
greater is its velocity ; and the nearer it is to its quad- 
ratures, the slower it moves. 

246. When the earth is in its perihelion, the pe-r 

riodical time of the moon is the greatest; when the 

earth is in its aphelion^ the periodical time of the 

moon is the least. « 

Obs, Since all the irregularities of the moon*s motion pro- 
ceed from the action of the sunlit follows, that where the action 
of the 9un is greatest, the irregularities arising from it will be 
greatest too. But the nearer Uke earth is to the sun, the greater 
will be the action of the sun upon the moon ; and the more the 
moon tends towards the sun, the less will it tend towards the 



* The line joining the centres of the sun, earth, and moon, 
at the new and full moon, is called the line of syzygies. 
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earth. Wfaen, therefore, the earth is at the per^etion, andi 
coDsequentlj at its least distance from the sun, the action o^ 
the san upon the moon will be greatest, and destroy more of 
its tendency towards the earth than at any other distance. 
Therefore, when the earth is at the perihelion, the moon will 
describe a larger orbit about the earth, than when the earth 
18 at any other distance from the sun, and^ consequently, her 
periodical time will then be the longest. But the earth is at 
its perihelion in the winter, and consequently, then the moon 
will describe the outermost circle about the earth, and her 
periodical time will be the longest ; which agrees with ob- 
lerration. For the same reason, when the earth is at its 
aphelion* the tendency of the moon towards the earth will be 
the greatest, and, consequently, her periodical time the least. 
And in this case, which will be in the summer, it will describe 
the ifinermost circle about the earth. 

247. The excentricity of the moon's orbit is vari- 
ed in every revolution of the moon, and is greatest 
when the moon is in syzygy, and least when it is in 
• quadrature : and the orbit is most of all excentrical 
when the line of the apsis is in the syzygies, and least 
of all exceutrical when this line is in the quadratures. 

Ohs, 1. And if we compare several revolutions of the mooa 
together^ we shall find, that when the line of the apsis is in 
the syzygies, the excentricity will be the greatest of all, be- 
oauie in that situation, the difference between the tendency 
which the moon has to the earth in one of the apsis^ and that 
which it has in the opposite one, is the greatest of all ; where- 
as, wheiA the line of the apsis is in the quadrature, this differ- 
ence is the leastj and therefore the lunar excentricity will be 
•p too. 

When the gravity of the moon towards the earth decreases 
too fast, the excentricity of her orbit will increase, and when 
her gravity towards the earth increases too fast, the exceo- 
trioity of her orbit will decrease: and the orbit itself will ap* 
proach nearer to a circle. 

3. AH the irregularities of the moon are greater when the 
earth is in its perihelion, than when it is in its aphelion, be- 
cause the effect of the sun's action, whereby they are produ- 
ced, is inversely as the square of its distance from the earth. 
They are also greater when the moon is in conjunction with 
the sun, than in opposition, for the same reason ; for the earth 
and moon, taken together, are nearer the sun in the former 
ituation of the meoD, than they are in the latter. 
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248. The moon is a dark, opaque globe, and its suff- 
face is irregular. 

Obs. 1. The face of the moon, as seen throag^h a telescope, 
appears diversified with hills and valleys. This is proved by 
viewing; her at any other time than when she is full ; for then 
there is no re«fularlino bounding light and darkness; but the 
edge or border of the moon ap^>ear3 jagged ; and even in the 
dark part near the borders of the lucid surface there are seea 
some soiall spaces enlightened by the sun^s beams. Bcsidea^ 
it is moreover evident, that the spots in the moon taken for 
mouotains and valleys, are really such from their shadows. 
For in all situations of the moon, the elevated parts ar« con- 
stantly found to cast a triangular shadow in a direction from 
the suQ, and the cavities are always dark on the side iloxt tp 
the sun, and illuminated on the opposite side. 

2. By the observatioDS made by Dr. flerscbel in NovembeP| 
1779, and the four following months, we learn, that the aiti* 
tude of the lunar mountains has been Tery much exaggerated: 
His observations were made with great caution, by means of 
a Newtonian reflector, 6 feet 8 inches long, and with a mag- 
nifying power of 222 times, determined by experiment ; and 
the method which he made use of to ascertain the altitude ^f 
those mountains, which during that time, he had an opportu- 
nity of examining, seems liable to no objection. The rock 
situated near Locus niger, was found to be about one mile ia 
height, but none of the other mountains, which he measured, 
proved to be more than half of that altitude; and Dr. Her- 
schel concludes that, with a very few exceptions, the gener^ 
ality of the lunar (ftountiaiinsdo not exceed half a mile in their 
perpendicular elevation. , 

3. To Dr. Herschel wi« are also indebted for an account 
of sevicral burning volcanoes, which he saw at different times 
in the moon. In the 77th vol.. of the Phil^ Trans, he says, 
'*I perceive three volcanoes in different places of the dark 
part of the new moon. Two of them are nearly extinct ; or, 
otherwise in a state of going to- break out. The third show- 
ed an actual eru ptios of fire, or of luminous matter,' ' On the 
next night, Dr. Herschel saw the volcano barn with grater 
violence than on the preceding evening. He considered the 
eruption as resembling a small piece of burning charcoal 
when it b covered by a thin coat of white a«bes, which fre.- 
quiantiy adheres te it., when it has been some time igoited^and. 
it had a diegree of brightness, about as strong as that 9vit^ 
whioh snob a coal weiUd be seen toglojT io ^int day-ligh^^ 

53 
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iDoon, or when the moon, at its conj unction » in in or 

dear one of its nodes. 

Obs, For unless the moon is in or near one of its nodes, it 
cannot appear in or near the same plane with the sun : with- 
out which, it cannot appear to us to pass over the disc of the 
^un. At every other part of its orbit, it will have so much 
northern or southern latitude, as to appear either above or 
below the sun. If the moon be in one of its nodes having" no 
altitude, it will cover the whole disc of the sun, aud produce 
Z total eclipse^ except when its apparent diameter is less than 
that of the sun : if it be near one of its nodes, having a small 
degree of latitude, it will only pass over a part of the sun's 
disc, or the eclipse will be partial. 

253. In a total eclipse of the sun, the shadow of 

the moon falls upon that part of the earth where the 

eclipse is seen. 

06#. A spectator, placed any where in the centre, will not 
see any part of the sun, because the moon will intercept all 
the rays of lig;ht which come to him directly from th« sun; 
and it is manifest that, in this situation, the moon, being an 
opaque body, will cast its shadow upon that part of the earth 
where the eclipse is total. 

254. In a partial eclipse of the sun, ^penumbra, or 
imperfect shadow of the moon, falls upon that part of 
the earth where the partial eclipse is seen. 

255. .Ifthe moon, when nev;, is in one of its nodes^ 
the eclipse of the sdn will be central. 

Obs, 1. For then the centres ol the earth, sun, and moon, 
being all in the plane of the ecliptic, the centra of the moon 
will pass between the sun's centre and that of the earth. 

9. The penumbra of the niooo, in a central eclipse, will 
not cover the whole disc of the earth. The semi-diameter of 
the inoon's penumbra, being equal to the sum of the apparent 
semi-diameters of the sun and moon, that is, about 16'. 
23". X 15'. 37". or 32'. at the medium ; its diameter is about 
64'. whereas the diameter of the earth's disc is about 120'. 
whence the penumbra cannot cover the whole disc. 

3. The height of the shadow of the moon is about 60 1 -2 semi- 
diameters of the earth. The semi-angles of the earth's sha- 
dow and the moon's shadow, being each equal to tjie sun's ap- 
parent semi-diameter, the angles are equal to one another, and 
these cones are similar. Therefore as the semi-diameter of the 
bdse of the earth's shadow (that iS; of the earth) is to the semi- 
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diameter of the base of the moon's shadow, ((hatis, of the 
mooD,) so is the heig^ht of the earth's shadow to the height of 
the moon's shadow. Now the semi-diameter of the earth is 
to that of the moon nearly as 100 to 28, and the height of the 
earth's shadow is about 217 semi-diameters of the earth ; 
whence the height of the moon's shadow is equal to about 60 1-2 
semi-diameters of the earth ; for 100 : 23 : : 217 60 1-4 nearly. 

256. An eclipse of the sun is said to be cmnular, 
when at the time of the eclipse a ring of the sun ap- 
pears round the edges of the moon ; and a central 
eclipse of the sun will be an annular one, if the dis- 
tance of the moon from the earth. at the time of the 
eclipse be greater than its mean distance. 

257. If the orbit of the earth and that of the moon 
were both in the same plane, there would be an 
eclipse of the sun at every new moon, and an eclipse 
of the moon at every fall moon. But the orbit of the 
moon makes an angle of about five degrees and a 
quarter, with the plane of the orbit of the earth, and 
crosses it in two points called nodes. 

Obi* 1. Astronomers have calculated that, if the moon be 
less than 17® 21' from either node, at the time of new moon, 
the sun may be eclipsed ; or if less than ] 1^ 34' from either ^ 
node, at the full moon, the moon may be eclipsed ; at all other 
tinges there can be no eclipse, for the shadow of the moon 
will fall either above or below the earth at the time of new 
moon ; and the shadow of the earth will fall either above oB 
below the moon, at the time of full mooii. 

2. To illustrate this, suppose the right hand part of the 
moon'*s orbit, fig. 70, to be elevated above the plane of the 
paper or earth's orbit, it is evident that the earth's shadow, at 
full moon, would fall below the moon ; the left hand part of 
the moon's orbit at the same time would be depressed below 
the plane of the paper, and the shadow of the moon, at the 
time of new moon, would fall below the earth. In this case, 
the moon's nodes would be between £ and a, and between G 
and 5, and there would be no ecUpse, either at the full or new 
moon ; but, if the part of the moon's orbit between G and h 
be elevated above the plane of the paper, or earth's orbit, the 
part between E and a will be depressed, the line ofthemoon'i^ 

13* 
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Bbdci will then pass through the centre of the earth and that 
of the mooD) and an eclipse will entae. 

3. An eclipse of the sod begins on the western tide of his 
disc, and ends on the eastern ; and an eclipse of the moon be- 
gins OD the eastern side of her disc, and ends on the western. 

4. The averai^e number of eclipses in a year in/our^ two 
of the san, and two of the moon; and, as the sun and moon 
are as long below the horizon of any partietUar place as they 
are abore it, the average number of visible eclipses in a jear 
is two, one of the son and ooe of the moon. Ktiih. 

258. When the moon is near the first of Aries, and 
^ moying towards the tropic of Cancer, the time of 
its rising will vary but little for several days togeth« 
er, and produce the phenomena of a Harvest trioon, 

Obs, 1. If the moon were to move in the equator, its motion 
ifk its orbit, by which it describes a revolution, in respeot of 
ttie sun, 29 days, 12 hours, would carry it every day east- 
ward from the sun about 22^ IT, whence, its time of rising 
would vary daily about 50 minutes. But because the moon's 
orbit is oblique to the equator, nearly coinciding with the 
ecliptic, different parts of it make different angles with the 
horizon, as they rise or set ; those parts which the with the 
smallest angles, setting with the greatest, and the reverse. 
Now the less thia aogle is, the greater portion of the orbit ri- 
ses in the same time. Consequently, when the moon is in 
those parts which rise or set with the smallest angles, it rises 
or sets with the least difference of time, and the reverse. But 
in northern latitudes, the smallest angle of the ecliptic and 
horizon is made when Aries rises and Libra sets, and the 
greatest when Libra rises and Aries sets; and therefore, 
when the moon rises in Aries, it rises with the least diisfer- 
ence of time. New the moon is in conjunction in or near 
Aries, when the sun is in or near Libra, that is in the antum- 
nal months ; when the moon rises in Aries, whilst the son 
13 setting in Libra, the time of its rising is observed to vary 
only two hours in 6 days in the latitude of London. This is 
called the harvest moon. 

2. This circumstance takes place every month ; but as it 
does not happen at the time of fall moon, there is no notice 
taken of it. When the moon's right ascension is equal to six 
dgns, that is, when she is in ora^ut the beginning of Libra, 
there is the greatest difference of the times of rising^viz. about 
an hour and 15 minutes. Those signs which rise with the least 
angle set with the greatest, and the contrary ; therefore, when 
there is the least difference in the times of risiogi there is tfas 
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^^atMt in settings, and vice versa. All this may be pleas- 
ingly exemplified by means of a celestial globe. 

OF THE SATELLITES OF JUPITER. 

259. The following table gives the periodical 
times and distances of Jupiter's satellites, and the an- 
gles under which their orbits ar6 seen from the earthy 
at its mean distance from Jupiter. 

Saiellites, Days, h, min, Dia, in miles, Angles of orbit, 
1—1 18 26.6 — 266.000— 3' 55" 
2—3 18 17.9 — 423.000— 6 14 

3—7 3 59.6 — 676.000 — 9 • 58 
4—16 18 5.1—1.189.000— 17 30 

Obs, The third satellite is the largest of all ; the first and 

fourth are nearly of the same size; the second is the smallest. 

260. These satellites of Jupiter are of great use in 
astronomy. ' (1) In determining the distance of Jupi- 
ter from the earth. (2) They affonl a method of de^ 
monstrating that the motion of light is progressive. 
And (3) from the eclipses of the satellites of Jupiter^ 
we ascertain the longitude of different places. 

261. OF THE SATELLITES OF SATURN. 



Satellites. Periodical terms. 


Distance in mile^ 


1 — 1 day. 


8h. 53' 


8'/ — 135.000 


2 


22 37 


22 _ 107.000 


3 — 1 


21 18 


27 — 170.000 


4 — 2 


17 41 


22 -r- 217.000 


5 — 4 


12 25 


12 — 303.000 


6—15 


2S 41 


13 _ 704.000 


7—79 


7 48 


— —2.050.000 



Obt. The 1st and 2d satellites were discovered by Dr. Her- 
echel,in the years 1787 and 1788. To prevent mistakes he call- 
ed them the 6th and 7th, thongh nearer to the planet than the ^ 
other five. Dr. Herschel observes, that Saturn has probably 
a considerable atmosphere. It turns on an axis perpendicu- 
lar to the ring, in lOh. 16' 0.44" and is flattened at the poles, 
so that the equatorial diameter is to the polar as 1 1 to 10. 

OF THE SATELLITES OF HERSCHEL*. 

262. Dr. Herschel has at different times, discovef ' 
e4 six sateliitee belonging to his n^w p)a&et. 
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Satellites. When discoTered. Periodical Times. 

1 — Jan. 18, 1790 — 6d. 21h. 86'. 0". 

2 — Jan. 11, 1787 — 8 17 1 19 

3 — Mar. 26, 1794 — 10 23 4 

4 — Jan. 11, 1787 — 13 11 6 IJ 
6 — Feb. 9, 1790 — 38 1 49 
6 — Feb. 28, 1794 — 107 16 40 

263. A ray of light is about eight minutes in com- 
ing from the sun to the earth. 

Obs. From comparing the times of the apparent entrance 
and emer^n of Jupiter^s satellites, with tables calculated for 
the mean distances of the earth from the satellite, the visible 
emersion at the least distance of the planets is found to happen 
about 8 minates sooner, and at the greatest distance about 8 
minutes later, than by the tables : consequently, the ray of 
light is about 16 minutes in passing through the earth^'s orbit, 
or 8 minutes in coming from the sun to the earth.' The di- 
ameter of the earth^s orbit being 194,000,000 miles, the Telocity 
of light will be 194,000,000 

=202,088 miles in a second of time I 

16-1-60 

OF COMETS. 

264. Comets are opaque and solid bodies. A comet, 
at a given distance from the earth, shines brighter 
when it is on the same side of the earth as the sun, 
than when it is on the contrary side ; from whence it 
appears that it owes its brightness to the sun. 

Obi. 1 . Of all the comets, the periods of only three are 
known with any degree of certainty. The first of these com- 
ets appeared in the years 1531, 1607, and 1782 ; and is expect- 
ed to appear every 75th year. The second of them appear- 
ed in 1532 and 1661, and was expected to return in 1789, and 
every 129th year afterwards. The third, having last appear- 
ed in 1680, and its period being no less than 675 years, can- 
not return until the year 2225. This comet, at its greatest 
distance, is about 1 1^200,000,000 of miles from the sun; and 
its least distance from the sun's centre, which is 49,000 miles, 
is within less than a third part of the sun's semi-diameter from 
his surface. In that part of its orbit which is nearest the sua 
it moves at the rate of 880,000 miles an hour. 
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2. The Chinese astronomical books record the appearance 
of 2 or 300 comets. 

3. The tail of the comet of 1680 was at least 100 miUioM 
of miles long ; and that of 1812 was 30 millions of miles. Sir 
Richard Philips published in the Monthly Magazine the opin- 
ion that this wonderful appendage of comets, is occasioned 
by the refraction, and consequent condensation of the sun's 
light through the dense Atmosphere of the comet : hence the 
tail is always in an exact right line opposite to the. sun ; and 
hence on the principle of a convex lens, the tail lengthens as 
it approaches the sun, and chortens as it departs. 

OP THE parallaxes; DISTANCES, AND MAGNITUDES 
OF THE HEAVENLY BODIES. 

266. The Parallax of the heavenly bodies, is the 
change of their apparent situation with respect to each 
other, as the spectator views them from different sta- 
tions on the earth, or parts of the earth's orbit. 

266. The Diurnal Parallax is the distance be- 
tween the apparent place of a heavenly body, as 
viewed from the s«r/acc of the earth, and its apparent 
place, as viewed from the centre of the earth. 




06«. 1. Let DAB in fig. 71, be the earth, C its centre, A 
the station of a spectator en the surface of the earth ; and F, 
G, H, different places of the moon, or any other heavenly bo- 
dy ; TO, NM, LI, are its different parallaxes, and THO, or 
AHC ; MGN, or AHC, &c. singles of para\lax. 
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2. If a spectator in his fint station at A« %. 71 se&i a plan' 
et at G, its apparent place in the heavens will be N ; if now, 
by the diurnal rotation of the earth, he comes into the station 
P, the planet will appear at M, which is the place in which 
it would have appeared if viewed from C the centre : thus, 
in all cases, the parallax which arises from the diurnal mo- 
tion, is the same which would arise from a change of station 
from the surface to the centre; for, in either case, the 
chang^e of the spectator's line of view is the same. Hence 
"appears the propriety of the above definition of ihe diurnal 
parallax. 

267. The parallax of any planet is always propor- 
tional to the angle which a semi-diameter of the earth, 
drawn from the station of the spectator upon the surface 
to the centre, wouldsuhtend, if viewed from the planet. 

Obs* 1. If the planet be at H, fig. 71, and the spectatorat A, 
AHT will be his line of view ; on changing the station of the 
spectator from A to C, the line of view will become CHO ; 
whence TO will be the parallax. But TO subtends and is 
proportional to THO, or AHC, the aogle which the earth's 
semi-diameter would subtend, if viewed from the planet H. 

2. The parallax of a planet depresses its apparent place, by 
the parallactic arc. Thus, if the planet be viewed from C, fig;. 
71, its apparent place is O ; if from A, its a^-parent place is T, 
farther from Z the vertex, than O, by the parallactic arc TO. 

3. When the altitude of a body is observed, it must be cor- 
rected by parallax or refraction, adding the former, and sub- 
tracting the latter, in order to get the true altitude, or the 
altitude above the rational horizon at the centre of the earth. 

268. The diurnal parallax of any planet, at a given 
distance from the earth, is greatest when the planet is 
in the horizon, and it decreases as the altitude of the 

planet increases. 

Obs. 1 . The parallax is proportional to the aogle which AC, 
fig. 71, would subtend, if seen from the planet H : but this 
given line, viewed from the given distance of the planet, 
would continually diminish in its apparent magnitude, as the 
degree of obliquity at which it is viewed increases, that is, as 
the planet advances from H towards E ; therefore, the paral- 
lax is greatest in the hoHzon, and decreases as the planet 
approaches the vertex. The parallactic angle AGC is less 
than AHC, and AFC less than AGC. - 

2. The moon's mean parallax is 57MT'. 
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3. At the same altitude of different planets, their diurnal 
parallaxes are inversely as their distances from the centre of 
the earth, because the angles subtended by the semi*diameter 
will be mostly as the distances. 

269. To measure the distance of the moon from 
the earth. 

£>ef. The moon's horizontal parallax is- the angle which a 
semi-diameter of the earth \irouid subtend, if viewed directly 
from the moon. 

Illtis, Let II be the moon in the horizon observed by a 
spectator at A, fig. 71, and C the centre of the earth. In the 
triangle AHC, let the angle AHC, the moon's horizontal par- 
allax, be found. The angle HAC is a right angle, and AC, 
the semi-diameter of the earth, is known to be 3985 miles. — 
Hence, AC the sine of AHC, 67'. 11". is to 3985, as AH, tak- 
en as a radius, to the number of miles in HC, the moon's dis-* 
tance from the earth. The moon's mean distance is thus 
found to be 240,000 English miles. 

Obs, According to M. de la Lande^ the horizontal semi-di- 
ameter of the moon, is to its horizontal parallax for the mean 
radius of the earth as 15'. is to 54'. 57". 4 or very nearly aa 
3 to 11 : hence, the semi-diameter of the moon is 3-lltlu of 
the radius of the earth. And as the magnitudes of spherical 
bodies are as the cubes of their radii, the magnitude of the 
moon is to that of the earth as 38 to 113, that is, as 1 : 49. 

270. To determine the relative distances of the in^ 

ferior planets from the sun. 

Ilhu, If the elongation of Venus, or the greatest angle of 
Venus' distance, be found by observation ; then, as a radius 
is to the sine of the angle, so is the distance of the earth to 
the distance of Mercury., If the sun's distance^ from the earth 
be supposed to be divided into 1000 equal parts, then the dis- 
tance of Mercury, will in this manner be found to be 387, and 
that of Venus 723. 

171. To determine the relative distances of the 
superior planets from the sun. 

Obs, If the angle apparently performed by a superior plaaeta 
while tlie earth is moving from one end to tiie other of its axis, 
be determined by observation, then half that angle is the angle 
formed by the distance of the earth from the sun seen from the 
planet. Hence there is given that angle, the right angle at the 
sun, and the complement to 180^, i*e* three an^es and the base 
1000) the earth's distance, to find the perpendictilar in a right 
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angled triangle. If the mean distance of the earth from the 
Bun be called 1000, that of Mars will be thus found to be 1523, 
that of Jupiter S^Ol^ and that of Saturn 9538. 

272. To find the parallax of the sun by the transit 

^of Venus. 

Obs. I. This is one of the most important problems known 
to astronomy ; because when the precise angle is known un- 
der which the semi-diameter of the earth is seen at the sun, a 
triangle is given of which one angle is 90" at the earth's cen- 
tre, the other the parallax at the sun, (being the angle under 
which the earth's semi-diameter is seen,) and the other the 
complement of the same to 90^, and the base is the earth^s 
Qemi'^liamcter known by measurement. 

2. Venus would be seen like a dark spot on the &ce of the 
flun, as often as she passes in her orbit between the sun and 
the earth, buttfaftt the plane of her orbit does not coincide 
with the plane of the earth's orbit, and she passes in regard to 
the eye of a spectator at tho earth, above or below the son, 
except only when he happens to be in or near her nodes at the 
time of the conjunction. This, however, happens but seldom, 
the nearest transits to our time being in 1639, 1761, 1769, 
and 1814. 

3. Nothing is more easy to be understood than the applica- 
tion of the phenomenon of a transit to ascertain the distance of 
the Earth from Venus and the Sun. All that is wanted is the 
angle presented at Venus, by any known portion of the earth's 
surface, and this is determined, by observing the exact time 
at which Venus enters or leaves the sun's face or disc at the 
two places, and then converting the difference of time (allow- 
ii^ for geographieal difference,) into degrees, minutes, and 
seconds, which is of course, the parallax of Venus. Such is 
the general principle ; but the details of the calculations are 
rendered complex by the various distances of observers, by 
their opportunities of observing, and by the compound motion 
of the Earth and Venus, in the intervals of observations. All 
these points are, however, susceptible of unerring calculation. 

4. The parallax of Venus being thus determined, the sun's 
parallax is easily determined by the proportions indicated in 
article 270, and it appears to be 8 2-3 seconds, i. e, the same 
diameter of the earth equal to 3985 miles subtends at the son 
an angle of 8.65 seconds, and by trigonometrical calculation, 
the perpendicular of the triangle, or the line joining the sub's 
and the earth's centre, is 95,173,000 miles, thus by logarithms 

e have 5.621914 (the^ine of 8". 65.) : 10.000000 : ; 3.600428 
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(Ipg. Qf 3985 :) 95,173^00 miles. But some astronomers 
make the parallax somewhat more, and make it but 93 or 94 
millions, while others make it less, or 96 millions. 

273. To measure the distance of any planet from 
the sun. 

lUus. Because the real distances of the .planets fron} the 
sun are as their proportional distances ; as the proportional 
distance of the earth from the sun is to the proportional dis- 
tance of any other planet from the sun, so is the real distance 
of the earth from the sun in miles, to the real distance of any 
planet from the sun in miles. 

Hence are found the distances of the planets from the sun in 
English miles. Mercury, 36,841,468; Venus, 68,891,486; 
Mars, 145,014,148 ; Jupiter, 494,990,976 ; Saturn, 907,956,- 
139 ; and the Herschel 1800,000,000, all agreeable to the fact 
of the sun*s parallax being 8 2-3 seconds. 

274. To find the periodical time of a planet. 

Obt. Because the squares of the periodical times of the pla- 
nets were found by Kepler to be as the cubes of their dis- 
tances, the periodical times of any two planets being known, 
and the comparative or real distance of one of them from the 
sun being given, the distance of the other may from this pro- 
portion be found. 

CAUSES OF THE PLANETARY MOTIONS. 

275. According to the Greeks, and the demonatra- 
lions of Newton, the planets are retained in their orbits 
by gravitation, which draws or impels them towards 
the centre of motion, and carried forward by r projectile 

force, which tend to carry them off at right angles to 
the other force, or in a tangent to their orbit. 

Illus. 1. The motion of the primary planets is very simple 
and uniform, being compounded only of a projectile motion for- 
wards in a straight line, which is a tangent to the orbit : and a 
gravitation towards the sun in the focus. The power which 
occasions the former is called a centrifugal force, and that 
which occasions the latter a centripetal one ; and though gra- 
vitation is mutual between all the planets, being directly as 
the quantities of matter they contain, and inversely as the 
squares of their distances from each other; yet the motions of* 
the planets are not much affected by it ; for their quantities 
of matter are but very small when compared with that of the 
sun, and therefore its attraction, or their gravitation to^ 
it, nearly destroys that of the planets one towards anoth 

14 
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Ztftif. 9. Sappone ?,-%. 72, a 
■y planet at rest, acted upon by a 
y force which tends to carry it to- 
wards G, which force is (Hrected 
towards a centre, and called the 
gravitating force; but at the same 
instant another force, acting at 
right angles to the former, tends to 
C tsarry it towards F; the two forces 
wiU of course, by the laws of 
mechanical forces, carry it from P to C, in the diagonal oft 
square. If then Ihe distances FP and PG are supposed to be 
irdlnitely small, or to represent the powers acting in the small- 
est conceiyable portion of time, then the diagonal PC may be 
conceived to be an infinitely small portion of a circle, or a chord 
of a circle so small that it coincides with a circle. 

3. If then the action of the 
same forces be renewed at C 
in the directional CG towards 
^ the centre, and from CF at 
right angles, the planet will be 
turned into the diagonal CC, 
forming another sm^l portion, 
chord, or increment of a cirole, 
. and the repetition of these im- 
IP pulses continued without ceas- 
ing, will, of necessity, cany 
the planet round the central 
body, in a circular orbit 

Obi. I. The cause of grari- 
tation or of projectile forces, is 

,, -T X • t-i , . not affected to be explained by 
the Newtonian philosophy; it is simply assumed, that such 
forces act accordmg to certain laws, let their pauses be what 
they may ; and it is certainly more safe to treat of effects than 
of causes, though to investigate the latter is the proper bua- 
ness of philosophy. 

276. If a body by an uniform motion, desmbe one 
aide of a parallelogram, in the same time that it would 
describe the adjacent side by an accelerated force, this 
body, by the jomt action of these forces, would de- 
scribe a curve terminating in the opposite angle of 
the parallelogram* 
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Let A B C D, fig. 74, be a parallelo- 
g^ram, and suppose the body A to be 
'carried through A B by an uniform 
force, in the same time tluit it would be 
carried through AC by an accelerated 
force, then by the joint action of these 
fturces, the body would describe a cnrye 
A GI D. Tcr by the preceding illustra- 
tion, if the spaces AE, EK, and KB, be proportioned to each 
other, the spaces AF, FH, and HC, will be in the same pro- 
portion, and the line AGID will be a straight line when the 
body is acted upon by-uniform forces ; but in this example, 
the force in the direction AB being uniform, would cause the 
body to move over equal spaces, AB, EK, and KB, in equal 
portions of time ; while the accelerative force in the direction 
AC, Would cause the body to describe spaoei A F, F H, and 
H C, increasing in magnitude in equal successive portions of 
time ; hence the parallelograms AEGF, AtCIH, &c. are not 
about the same diagonal, therefore AGID is not a straight 
line, but a curve. 

277. The curvilineai^ motions of all the planets, 
arise from the uniform projectile motion of bodies ins 
straight lines, and the universal power called attraction, 
vrhich draws them off from these lines. 

Illus. If the body E.fig.75, 
be projected afo&g the line 
EAF, where it meets with 
no resistance, and is not 
drawn aside by any other 
M force, it will (by the laws of 
~^ motion) go on for ever in the 
same direction,and with the 
same velocity. For, the 
force which moves it from 
£ to A in a given time, Vill 
carry it from A to F in a 
successive and equal por- 
tion of time, and so on ; there being nothing either to ob- 
struct or alter its motion. But if when the projectile force 
has carried the body to A, another body, as S, begins to at- 
tract it, with a power duly adjusted and perpendicular to its 
motion at Ar it will be drawn from the straight line EAF^ 
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lUut. 9. Suppo^ P, 'Ag. 72, a 
) planet at rest, acted upon by a 
y force which tends to carty it to- 
wards G, which force is directed 
towards a centre, and called the 
graviiating force ; but at the same 
instant another force, acting at 
right angles to the former, tends to 
C carry it towards F; the two forces 
will of course, by the laws of 
mechanical forces, carry it from P to C, in the diagonal oft 
square. If then ttie distances FP and PG are supposed to be 
ii&nitely small, or to represent the powers acting in the small- 
est conceiyable portion of time, then the diagonal PC may be 
conceived to be an infinitely small portion of a circle, or a chord 
of a circle so small that it coincides with a circle. 

3. If then the action of the 
same forces be renewed at C 
in the directional CG towards 
^ the centre, and from CF at 
right angles, the planet will be 
turned into the diagonal CC, 
forming another sm& portion, 
chord, or increment of a cirole, 
and the repetition of these im- 
pulses continued without ceas- 
ing, will, of necessity, carry 
the planet round the central 
body, in a cinfular orbit 

Obt, I. The cause of graTi- 
tation or of projectile forces, is 
,. _T ^., , . not afiected to be explained 1^ 

the Newtonian philosophy; itia simply assumed, that such 
forces act accordmg to certain laws, let their causes be what 
they may ; and it is certainly more safe to treat of effects than 
of causes, though to investigate the latttr is the proper bua- 
ness of philosophy. 

276, If a body by an uniform motion, describe one 
aide of a parallelogram, in the same time that it would 
describe the adjacent side by an accelerated force, this 
body, by the joint action of these forces, would de- 
scribe a curve terminating in the opposite angle of 
. the parallelogram. ^ 
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Let A B C D, fig. 74, be a parallelo- 
g^ram, and suppose the body A to be 
'carried through A B by an uniform 
force, in the same time that it would be 
carried through AC by an accelerated 
force, then by the joint action of these 
J. forces, the body would describe a curve 
•^ A G I D« Tor by the preceding illustra- 
tion, if the spaces AE, EK, and KB, be proportioned to each 
other, the spaces AF, FH, and HC, will be in the same pro- 
portion, and the line AGID will be a straight line when the 
body is acted upon byuniform forces ; but in this example, 
the force in the direction AB being uniibrm, would cause the 
body to move over equal spaces, AB, EK, and KB, in equal 
portions of time ; while the accel6rative force in the direction 
AC, Would cause the body to describe spaoei A F, F H, and 
H C, increasing in magnitude in equal successive portions of 
time ; hence the parallelograms AEGF, AtCIH, ^« are not 
about the same diagonal, therefore AGID is not a straight 
line, but a curve. 

277. The curvilineai^ motions of all the planets, 
arise from the uniform projectile motion of bodies in^ 
straight lines, and the universal power called attraction, 
which draws them off from these lines. 

Illw. If the body E.fig.75, 
be projected afong the line 
EAF, where it meets with 
no resistance, and is not 
drawn aside by any other 
M force, it will (by the laws of 
^^ motion) goonfor eyerin the 
same d]rection,and with the 
same veloeity. For, the 
force which moves it from 
£ to A in a given time, will 
carry it from A to F in a 
successive and equal por- 
tion of time, and so on ; there being nothing either to ob- 
struct or alter its motion. But if when the projectile force 
has carried the body to A, another body, as S, begins to at- 
tract it, with a power duly adjusted and perpendicular to ita 
motion at At it will be drawn from the straight \me EAF, 
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the distaace from the san. If the projectile force at V be 
double of what it was at A, the space V W, which is the double of 
AF, will be described in the same time that AF wasdescribedy 
and the planet will be at X in that time. Now if the action of 
cravity had been an exact counterbalance for the projectile 
force daring the time mentioned, theplanet wonld have been 
at t instead of X, and it would describe the circle f , a^ 6, e<, 
&c. ; bat the projectile force beings too powerful for the cen* 
tripetal force, the planet recedes from the snn at S, and as- 
cends in the carre, TZM, &c. Tet it cannot liy off in a tan- 
gent in its ascent, because its velocity is retarded, and con- 
sequently its projectile force is dimihished, by the action of 
g;ravity. Thus when the planet arrtyes at Z, its tendency 
to fly off in a tangent Zn, is just as much retarded, by the ac- 
tion of gravity, as its motion was accelerated thereby at Qi 
therefore it most be retained in its orbit* 

OF THE FIXED STARS. 

279. Those luminous points or bodies which always 
appear in the heavens at the same distance from each 
other, are cailed Fixed Stars ; because they 'do not 
appear to have any proper motion of their own. 

Obs. 1. The fixed stars are laminous bodies. Because they 
appear as points of small magnitude, when viewed through a 
telescope, they must be at such immense distance, as to be 
invisible to the naked eye if they borrowed their light; as is 
the case with respect to the satellites of Jupiter and Satorn^ 
although they appear of very distinguishable magnitude 
throagh a telescope. Besides, from the weakness of reflected 
light, there can be no doubt but that the fixed stars shine with 
their own light. They are easily known from the planets, by 
their twinkling. 

S. The number of stars, visible at any one time to the nak- 
ed eye, is about 1000 : but Dr. Herschel, by his skilful im- 
provements of the reflecting telescope, ha^ discovered that the 
whole number is great beyond all cqnce ption. The compara- 
tive brightness of the stars is Sirius lOO, Caoopus .98, Cen- 
tauri 96, Acherni .94. 

3. The magnitudes of the fixed stars appear to be different 
from one auoUier, which difference may arise either from a di- 
versity in their real magnitudes, or distances; or from both 
these causes acting conjointly. The difference in the apparent 

'oiitud^.ofthe stars is such as to admit of their being divided 
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Into six dues, the largpest being called etare of the first mag- 
nitude, and the lea^t, which are visible to the naked eye, 
stars of the sixth magnitade. Stars only visible by the help 
of glasses, are called telescopic stars. Bode's catalogue coi^- 
tains 17,000 stars. Dr. Halley very justly remarics, that the 
stars must be infinite in number to maintain their equilibri- 
nm in space. And Dr. Herschel thinks he has seen stars 
42^000 times as far off as Sirias. In one instance a claster of 
5000 stars, in a mass, were barely visible in the 40 loot teles- 
•ope, and consequently must have been 1 1 trillions of miles off! 

4. It must not be inferred that all the stars of each class 
appear exactly of the same magnitude : there being great 
latitude given in this respect ; even those of the first magni- 
tude appear almost all different in lustre and size. There 
are also other stars of intermediate magnitudes, which, as as- 
tronomers cannot refer to any one class, they, therefore, place 
them between two. Procyon, for instance, which Ptolbmt 
makes of the first magnitude, and Tyeho of the second, Fla^- 
6TXAD lays down as between the first and second. So that, 
instead of six magnitudes, we may say that there are almost 
as many orders of stars, as there are stars ; such considerable 
varieties being observable in their magnitude, colour, and 
brightness. 

5. To the bare eye the stars appear of some sensible mi^- 
nitade, owing to the glare of light arising from the number- 
less reflections of the rays in coming to the eye ; this leads 
us to imagine that stars are much larger than they would ap- 
pear, if we saw them only by the few rays which com% direct- 
ly from them, so as to enter the eye without being intermix- 
ed with others. Examine a fixed star of the first magnitude 
through a Jong and narrow tnbe, which, though it takes in as 
much of the sky as would hold a thousand such stars, scarce- 
ly renders that one visible. 

6. There seems but little reason to expect that the real 
magnitudes of the fixed stars will ever be discovered with 
certainty, we must, therefore, be contented with an approxi- 
mation, deduced from their parallax, Of this should ever be 
ascertained,) and the quantity of light they afford us compar- 
ed with the sun. To this purpose. Dr. Hkrschel informs us^ 
that with a magnifying power of 6450, and by means of his 
new micrometer, he found the apparent 'diameter of ol Lyrs 
to be 0''.335, or the third of a second. 

7. The ingenious observations of Keflkr upon the magni- 
tudes and distance of the fixed stars, deserve to be introduced, 
ashe has been followed in the conjecture by Dr. H ali*st. ih 
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observes that there can be only 13 points apon the svur&ce ok' 
a sphere as far distant from each other as from the centre ; and 
sappcxiing; the nearest fixed stars to be as frir from each other 
as from Uie sun, he conclades there can be only 13 etan of the 
first magnitude. Hence at twice that distance from the sun, 
there may be placed four times as many, or 52 : at three times 
that distance, nine times as many, or 1 17 ; and so on. . These 
numbers will give pretty nearly the number of stars of the first, 
second, third, &c. magnitudes. Dr. Halley farther remarks, 
that if the number of stars be finite, and occupy only a part of 
space, the outward stars would be continually attracted to 
those within, add in time would unite into one. But if the 
number be infinite, and they occupy an in finite ^aoe, all the 
parts would be nearly in equilibrio, and, consequently, each 
fixed star being drawn in opposite directions would keep its 
place or move on till it had found an equilibrium* 

280. The ancients, that they might the better dis- 

tinguiah the stars with regard to their situation in the 

heavens, divided them into several constellations, that 

is, masses of stars, each mass consisting of such as are 

near each other. And to distinguish diese groups 

from one another, they gave them the names of such 

men or things as they fancied the space they took up 

in the heavens represented. . 

Obt. 1. 'The following table contains the names of the con- 
stellations, and the number of stars observed in each by Flam- 
stead. 



. 


Flamstead, 


Ursa minor - 


The Little Bear - - 24 


Ursa major 


- The Great Bear - 87 


Draco ... 


- The pragon - - 80 


Cepheus - - 


- Cepheus - - - 35 


Bootes 


Bootes - - - 54 


Corona Borealis 


- The Northern Crown . 21 


Hercules 


Hercules kneeling - - 113 


Lyra ... 


- The Harp - - 21 


Cygnus 


The Swan - - - 81 


Cassiopea • <• 


- The Lady in her chair 55 


Perseus 


Perseus - - - 59 


Auriga - . - 


- The Waggoner - - 66 


Serpentarins - 


Serpentarins ' - - 74 


Svirpene ... 


- The Serpent - - 84 



OF THE ^IX^D STARS. 


i65 


Sagitta • ^ - 


^ 


The Arrow - 


18 


Aquila 


- 


The Eagle * ) 
Antinons - ) 


. 71 


Antinoaa - 


. 


Delphinas 


• 


The Dolphin 


- 18 


E(|uulaa 


. 


The Horse's Head 


10 


Peg^sas 


• 


The Flying Horse - 


89 


Andromeda - - 


• 


Andromeda 


66 


Triangulum - 


-- 


The Triangle 


- 16 


Aries - - - 


* 


The Ram - 


- ^6 


Taurus - - 


m 


The Bull 


141 


Gemiui - 


m 


The Twins - 


. 85 


Cancer - 


«i 


The Crab - 


83 


Leo - i - 


'. 


The Lion 


- 95 


Cotna Berenices 


^ 


Berenice's Hair 


43 


Virgo " - - * 


- 


The Virgin 


110 


Libra 


« 


The Scales • 


- 51 


Scorpins - - - 


rf 


The Scorpion 


44 


Sagittarius - •»■ 


■r 


The Archer - 


. 69 


Capricomns • 


m 


The Goat 


51 


Aqaarias 


- 


The Water-Bearer 


. 108 


Pisces • * - 


m 


The Fishes 


lis 


Cetus 


« 


The Whale - 


-• 97 


Orion - 


M 


Orion - • 


78 


Eridanus 


- 


Eridanus 


- 84 


Lepus - - - 


- 


The Hare - 


19 


Caois msijor 


- 


The Great Dog 


. 31 


Caais minor • - 


- 


The Little Dog ^ 


14 


Ai^o Navis - 


- 


The Ship 


. 64 


Hydra - - 


- 


The Hydra 


. " 60 


Crater 


- 


The Cup 


- 31 


Corvus •.■ - . - 


- 


The Crow 


9 


Centanrus 


m 


The Centaur 


- 12 


Lupus - - 


- 


The Wolf 


- 24 


Ara - . - 


r 


The Altar - 


9 


Corona Australia 


« 


7'he Southern Crown 


. 12 


Pisces Australis 


- 


The Southern Fish 


24 


Columbia Noachi 


. 


Noah's Dove 


- 10 


Robur Carolinum 


- 


The Royal Oak 


12 


Grua - - - 


•» 


The Crane - 


- 13 


Phoenix 


m 


The Phoenix 


- 13 


Indus - - - 


m 


The Indian 


- 12 


Pavo ... 


m 


The Peacock 


- 14 


Apus - 


" 


The Bird of Paradise 


- 11 
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Fiamiiead, 
Apsis - - - . The Bee or Fly • - 4 
Chamsleon - . . The Cameleon - - 10 
Triungulum Australis - The South Triai^le - 5 

Piacis Volans - - The Flying Fish - 8 

Dorado ... - The Swtird Fish . - 6 
Toucan - * - Th© American Goose - 9 

Hydras - - - - The Water Snake - - 10 
Ljnnx . - - - The Lynx > . - 44 
Leo minor ... The Little Lion - -^ 53 

Asterion Si Clara • - . The Greyhound - 25 

Cerbereus - - - Cerberus ' - 

Vulpecula & Anser - The Fox and Goose - 35 

Scutem Sobieski - - Sobiesld's Shield - 

Lacreta - - «^ The Lizard - * 16 

Camelopardalus - - The Cameleopard - 58 

Monoceros ... The Unicom - - 31 
Sextans ... The Sextant - - - 41 

2. Stars not included in any constellation are called unfirm- 
td stars. Besides the names of the constellations, the ancient 
Greeks gave particular names to some single stars, or small 
collections of stars : thus the cluster of small stars in the neck 
of the bull, was called the Pleiades ; five stars in the bull's face, 
the Hyade.s ; a bright star in the breast of Leo^ the Lion's 
Heart ; and a large star betw'een the knees of Bootes,Arcturus, 

3 Greek letters have been added by Bayer to stars in the 
several constellations of his catalogue (a being affixed to the 
largest star) by means of which any star may be easily found. 

4. Twelve of these constellations lie upon the ecliptic, in- 
cluding a spac^ about fifteen degrees broad, called the Zodiac, 
within which al! the planets move. The constellation Aries, 
about 200 years ago, lay in the first sign of the ecliptic ; but 
on account of the precession of the equinoxes, it now lies in 
the second. In the foregoing table ^ntirums was made out of 
the unformed stars near Aquila : and Como Berenices out of 
the unformed stars near the Lion's tail. They are both men- 
tioned by Ptoleut, but as unformed stars. The constella- 
tions as far as the triangle, with Coma Berenices^ tire,northemr 
those after Pisces^ are southern. 

5. The luminous part of the heavens, called the Milky Way, 
oonsists of fixed stars too small to be seen by the naked eye. 
In a paper on the constructions of the heavens. Dr. Herschel 
aays it is very probable, that the great stratum called the 
milky way, is that in which the sun is placed, though per- 
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iiapsnot in tfae^ntre of its thicknessr, b^t not far from &e place 
where some smaller stratum branches from it. Such a suppo- 
sition will satisfisLCtorily, and with g^eat simplicity, account for 
all the phenomena of the milky way, which, according to this 
hypothesis, is no other than the appearance of the projection of 
the stars contained in this stratum, and its secondary branch. 

6. In another paper on the same subject, he says, — -We will 
now retreat to our own retired station in one of the planets at- 
tending a star in the great combination with numberless others ; 
and in order to investigate what will be the appearances from 
this contracted situation, let us begin with the naked eye. 
The stars of the first magnitude, being, in all probability, the 
nearest will furnish us with a step to begin our scale ; setting 
off, therefore, with the distance of Sirius or Arcturus, for in- 
stance as unity, we will at present suppose, that those of the 
second magnitude are at double, and those of the third at tre~- 
ble the distance, and so forth. Taking it then for granted^ 
that a star of the seventh magnitude is about seyen times as far 
from us as one of the first, it follows that an observer, who is 
enclosed in a globular cluster of stars, and not far from the 
centre, will never be able, with the naked eye,'to see thaend 
of it: for since, according to the above estimations, he can 
only extend his view about seven times the distance of SiriQSf 
it cannot be expected that his eyes should reach the borders of 
a cluster, which has, perhaps, not less than fifty stars in depth 
every where aroimd him. The whole universe, therefore, to 
him, will be comprised in a set of constellations, richly orna- 
mented with scattered stars of all sizes. Or if the united 
brightness of a neighbouring cluster of stars should, in a ren 
markable clear night, reach his sight, it will put on the ap- 
pearance of a small, faint, nebulous cloud, not to be perceived 
without the greatest attention. Allowing him the use of a 
common telescope, he begins to suspect that all the milkyness 
of the bright path which surrounds the sphere may be owing 
to stars. By increasing his power of vision, he becomes cer- 
t^n,|hat the milky way is, indeed, no other than a collection 
of very small stars, and the nebulae nothing but clusters of stars. 

7. Dr. Herschel then solves a general problem for computing 
the len|;Ui of the visual ray : that of the tdescope, which he 
uses, will reach to stars 497 times the distance of Sirius. Now 
Sirius cannot be nearer than lOO.OOOX 190.000,000 mile8,there- 
fflfre Dr. Herschel's telescope will at least, reach to 100.000 
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X190.000.000.X497 miles. And Dr. Hersch^l says, that in 
the most crowded part of the milky way, he has bad fields of 
view that contained do less than 538 stars, and these were 
continued for many minutes^ so that in a quarter of an hour, 
he has seen 116,000 stars pass through the field yiew of a 
telescope of only 15'. aperture; and at another time, in 41 
minutes, he saw 258,000 stars pass throug^h the field of his 
telescope. Every impro vem ent in his telescope has discover- 
ed stars not seen before, so that there appears no bounds to 
their number, or to the ektent of the universe. 

8. There are spots in the heavens, called J^TebttUBy some of 
which consist of clusters of telescopic stars, others appear as 
luminous spots of different forms. The most considerable is 
one of the mid way between the two stars on the blade of Ori- 
on's sword, marked ^ by Bayer, and discovered in the year 
1656 by Huygens ; it contains only seven stars, and the other 
part ts a bright spot upon a dark ground. To Dr. Herschel, 
we are indebted for catalogues of 2000 nebulae and clusters d 
stars whieh he himself had discovered. Some of them form a 
round compact system, others are more irregular, of various 
fbrms, and some are long and narrow. The appearance of 
itiminous spaces in the heavens Sir Richard Philips denies to 
arise from light per se ; but ascribes the luminosity of all such 
spaces to the multitude of planets, asteroids, satellites, and 
cometary bodies, with which those spaces are filled. 

9. New stars sometimes appear, while others disappear. 
Several stars, mentioned by the ancient astronomers, ar^ not 
BOW to be found: several are now visible to the naked eye, 
which are not mentioned in the ancient catalogues ; and some 
stars have suddenly appeared, and again, after a considerable 
interval, vanished : also a change of place has been observed 
in some stars. Dr. Herschel has observed the motions of 
nearly fifty stars, with reference to others in their vicinity. 
Castor he finds has a period of 342 years ; Gamma Leoois, of 
1200 years; Epsilon Bootes, of 1681 years; Delta Serpente, 
of 375 years; Gamma Virginia of 708 years; and so of oth- 
ers : but the life of one man is evidently too short to attain 
oorreof results, in regard to periods so disproportionate to his^ 
narrow spaoe of existence. 

id. These motions of the stars among themselves being ap* 
parent to observation, the doctrine of Dr. Herschel and other 
astronomers is rendered probable, that the sun has a motion or 
orbit of its own among the fixed stars of the milky way, at the 
r^teofthe earth's motion, carrying with it all the planets, jast 
afc the planets themselves, carry with them their system9 of sa- 
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telUtsi in their ovn «rbiti. the rotation of the atin on iti in- 
clined axil, ucoiding to the theoiy of Sir Richard Philipai 
seems to indicate the action of a centrifu^ force in the mn, 
and to render the notion, that the whole solar system is analo- 
golu to a primary and its tatellites, exceedingly prohable. 

11. From an alleiitiTe eiamination of the stars with good 
telescopes, many which appear only single to the naked eye, 
are found to consist of numerous stars, a HercuHi, is a dou- 
ble star, ff Bnolit, and Dr. Herschei, by his highly improved 
telescopes, has found about TOO. 

12. In Febiuary, 1814, Dr. Herschei, the prince of astrono- 
mers, read to the Royal Society, the resolts of thirty y»va' 
obserrations on Nebulse, with the best telescopes ever posaen- 
ed by man. He conceifes that the stars fcom independent 
systems among themselves. He considers onr son as part of 
that shoal or system which we call the milky way, and that all 
the stars of the first, second, and third magnitade, belong to 
that vast closter. lie stars, he remarlcs, are not spread in 
eqnal portions orer the horizon, but are found in patches, each 
containing many thousaoils, and many more than the eye can 
separate fi'om the mass. The!e he calls clusters ; and he con- 
ceives they have a constant disposition to unite more cloiely, 
by ■ power which hecalls the cluBteringpower; doubtless the 
same power which is described in the observaticin to article 
276. He givesan account of eighty of these clusters, some of 
the drawings of vhicb are copied here. 

The IbUowii^ figure represents a comprhbbd clvbtxk 
of 8TAU, the centra part B' Ira^ 2' broad. 
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The folio irinf fi^re represents a clobclar cLUBTxa 2' 
in diameter, as seea witb Henchel'a 40 feet teletcope. 

281. The Annml Parallax 
of a heavenly body, is the 
change of its npparcnt plnce, 

g. as it is viewed from the earth 
tl in its aanoal molion ; and is 
3^ the 3Dgle which the diameter 
'^of the earth's orbit tvould 
' Bubteud, if that diameler waa 
viewed from that body, 

282. If the distance of an 
object be greater than 100,000 times the base, the 
angles at the stations will not sensibly diSer from right 
augles ; consequently, the lines drawn from the ob- 
ject 4o the statiooa, are, physically speaking, pfiralle), 
and the parallax of an object, the distance of which is 
above 100,000 times greater than that between the two 
stations of observation, is consequently insensible. 

Otis. 1( the object be at b greater distance from either tta- 
lion than 100,000 times the base, the sngleat one of the stations 
being 90°, the angle at the other will he more thsn 89° 59' 
67". 9, the diflcrence of which angle and 90° being acsrcely 
mori' thnii ?". is too innnl) In becoOM sensible by observation. 
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2C3. If the parallax of an object (observed with 911 

instrument sufficiently exact to measure an angle of 

2".) be insensible, &e distance of the object from 

either station cannot be less than 100,000 times the 

base, yet it may be greater in assignable ratio. 

^ Obs, Lines drawn from any given points in a bas^, to an ob- 
ject, may be esteemed in practice, parallcil, without any sen- 
sib^ error, if the distance of the object be-more than 100,000 
times the base. Rays, therefore, diverging from any point 
in the sun's disc upon the suriace,of the earth, may be esteem- 
ed parallel, if their distance from each other do not exceed 
about 970 miles at the earth's surface : because 970 is to the 
distance of the earth from the sun iin a proportion of 1 to 
100,000. 

284. The fixed stars have no sensible annual paral- 
lax.» because when the place of any star is observed by 
the best instruments, from opposite points or ends of 
the earth's orbit, its apparent place in the heavens re- 
mains the same, which could not be the case, if the 
angle of its parallax were so much as two seconds, 

Obs. 1. Hence it appears that the fixed stars ar6 so remote, 
that a diameter of the earth's orbit bears no proportion to 
their distance, or that a diameter of the earth's orbit, if view- 
ed from one of the fixed stars, would appear as a point. 

2. The distance of the stars must be greater than t00,000 
times the base, from the extremities of which it is observed, 
that is, greater than 100,000 times the diameter of the orbit of 
the earth, or greater than 100,OOOX 190,000,000, whieh is 
nineteen billions of miles as the least possible distance of the 
nearest fixed star. 

3. The parallax of a fixed star, being not more than 2". the 
sun, when viewed from that star, would appear under an angle 

32' 6'' 1" 

less than ' or less than and, therefore, could not be 

200,000, 100, 

distinguished from a point. 

4. Since bodies equal in magnitude and splendour to the 
sun, being placed at the distance of the fixed stars, would ap- 
pear to us as the fixed stars bow do, it may be supposed proba- 
ble, that the fixed stars are bodies similar to the sim, which is 
the centre to the solar system. This being the case, tiie reason 
will appear, why a fixed star, when viewed through a telescope 
magnifying 200 times, appears no other than a point For &e 
apparent diameter of the star being less than 1-100' part of a 
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second when magni&ed 300 times, wiU subtend an angle less 
that ^', at the eye of the spectator, observing it in the tele- 
scope. 

^. The parallax of the fixed star, when viewed from the 
opposite parts of the earth's orbit, is here assumed 2", but it 
is probable that the parallax of the nearest star is much less, 
and ooDsequently the distance greater, in the same proportion 
as the parsiUax is less. Dr. Bradley thought that if the paral- 
lax of a fixed star h^l been one second, he should have^en 
able to detect it. The diameter of the earth's orbit is, there- 
fore, but a point at the fixed stars. Nor is this wonderful, for 
&e immense distfince of the stars themselves is but a point 
compared with the iT\finUe extension of space. Doubtless, tHe 
stars in the clusters seen by Herschel, are as distant from each 
other, as the fixed stars of our cluster of the milky way, are 
found to be from each other, yet those clusters seen from the 
earth are but points ! No considerations can be more wonder- 
ful or sublime ! 

QUESTIONS ON ASTRONOMY. 

What is (tstronomy? 

What constitutes the solar system ^ 

What are the names of ihe primary planets composing the 
solar system ? 

What are the names of the asteroids ? 

What is the number of the secondary Janets, and to what 
primary planets do they belong ? 
^Explain the solar system. 

What was the system of Ptolemy ? 

How is it demonstrated that the < planets move round the 
^sun ? 

How are the motions of the esrth in its orbit proved ? 

How is it proved that the Earth is of a globular form f 

What is the axis of the earth ? 

What are the poles ? and what the eqyjotor ? 

What are the arctic and arUarclic circles ? 

What are the tropics ? 

What are the 2rone«.? 

What is latUude, and what is longitude ? 

Explain the figure of the celestial globe ? 

What are the poles of the horigon, and what are they called ? 

What is meant by meridian.^ 

What is altitude, yfhaX azimuth, and what amplitude ? 

What is meant by declination, and what by right ascension .* 
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When are two planets said to be in c(mjimctiian and when in 
opposition ? 

When is the celestial sphere said to be rights oblique, or pa- 
rallel ? 

How is da$f and night produced ? 

How long is the earth in performing a revolution round the 
sun? ' 

What are the 12 signs of the zodiac ? 

What are this names of the signs, and which are north and 
which south of the equator? 

Explain figure 64. What is the ecliptic ? 

What is the quantity of the angle made by 'the inclination 
of the ecliptic to the equator ? 

To what is the diminution of the obliquity of the ecliptic 
owing ? 

What is the nutation of the earth's axis, and to what caus^ 
is it owing ? 

How Ynay the difference of longitude in two places be found ? 

Explain this. 

Explain prop. 210, also 211, and 212. 

What causes the succession of seasons ? 

What is the figure of the earth's orbit ? 

What occasions twilight ? 

Explain. 

How is it that we see the sim before he actually rises above 
the horizon ? 

What is a natural day ? 

What is equation of time ? 

What is meant by mean, or apparent time ? 

What is the shape of the srun, and where is he plaxsed ? 

What is bis diameter ? 

Has the sun an atmosphere ? ' 

What is the calculation of Euler in regard to the compara- 
tive light of the sun ? 

How has the period of the sun's revolution about its axis 
been determined ? What is this period ? 

What is Dr. Herschel's opinion of the he^ht of the sun's at- 
mosphere ? 

What comparative quantities of matter does the sun and 
Jupiter contain ? 

How much larger is the sun than the earth ? 

What is the probability that the sun is inhabited f 

W)|»t is the distance of the sun firom the earf^ f 

15^ 
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Why are the asteroids called teleicopic planets ? 

Explain figure 67. 

What is meant by aphelion vxid: perihelion distance ? 

What is apogee and perigee ? 

How will you show that a planet does not proceed in its or- 
bit with an equable motion f 

'What is a planet's anomaly ? > 

Calculate the true place of a planet. 

What is meant by the equation of a planet's^ntre ? 

What is a planet's elongation ? « 

What is periodic time ? and what is meant by tropical and 
sidereal revolution ? 

What is a planet's direct motion, and why does it sometimes 
appear stationary, and sometimes to move in a contrary direc- 
tion ? 

What are the nodes ? 

What is the diameter of Mercury? 

What is the period of its sidereal revolution ? 

What is the greatest elongation of this planet from the sun ? 

What is meant by its transit ? 

How much greater is the sun's heat and light at Mercury 
than with us ? 

What is the diameter of Venus ? 

What is the period of its sidereal revolution ? 

What is its period of revolution on its own axis ? 

When does Venus appear brightest? 

When is this planet the morning and when the evening 
star P 

What is the diameter of the earth ? 

What are the periods of its two revolutions ? 

What effect does its centrifugal force have on the weight of 
bodies ? 

If the motion of the earth was seventeen times greater than 
it is, what would be the effect on the weight of bodies f 

What is the velocity with which a place moves per minute 
at the equator ? 

Calculate the velocity of Philadelphia. 

What is the shape of the earth ? 

What is the difference between the equatorial and the polar 
diameter of the earth ? 

How is it determined that the earth is flattened at the poles f 

Why are bodies heavier at the poles, than at the equator f 

Why is the periodical year longer than the tropical .* 

What causes the precession, of the equinoxes ? 



How ofteri does the tide rise and fell ? 

What is the cause of tides f 

Draw a figure illustrating; the theory of tidesk 

Why are the tides g;reatest at the new and full moons ? and 
'Why least at the first and last quarters, and why are they 
highest of all about the time of thejequinoxes? 

Explain prop. 220. 

What is the diameter of Mars? 

What is its period of revolution about its axis, and what is 
its sidereal period f 

What are the names and diameters of the several asteroids ? 

What is the sidereal period of each ? 

What i3 said of the origin of asteroids ? 

What is the diameter of Jupiter ? 
^^What is its diurnal, and what its sidereal period f 

ifow many satellites has this planet ? 

What is said of Jupiter's belts ? 

What is the diameter of Saturn f 

What is its diurnal, and what its sidereal period ? 

How many moons has Saturn ? 

What is said of Saturn's ring? 

To what distance does the atmosphere of Saturn extend ? 

What is the diameter of Herachel, what its sidereal revolu- 
tion ? 

When and bjr whom was this planet discovered ? 

Mention the names of the planets in succession^ beginniQg; 
with that nearest the sun. 

What is an easy distinction between a planet and a fixed star t 

What are secondary planets ? 

Why are the motions of the secondary planets less uniform 
than those of their primaries ? 

What is the diameter of the moon ? 

What its mean distance from the earth? 

What is the period of its sidef eal revolutions ? 

What is meant by synodic revolution ? 

What is meant by &e moon's Sysygies ^ 

Explain prop, 243, making use of the plate which il- 
lustrates it. 

Why is the moon sometimes invisibjle when it is above the 
horizon ? 

How many days complete the year at the moon ? 

How many of our days is equsd to one at the moon ? 

Explain prop, 247j 

What is said of the expentricity of the moon's orbit'^ 
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How ifl it proved that the moon is divenafied with hills and 
valleys ? 

What does Dr. Herscdiel say ia regard to the mouQtains of 
the moon, and the volcanoes wbioh he saw there ? 

What occasions an eclipse of the moon ? 

Illustrate this by explaining the figure. 

If the earth were as large as the sun, what different pheno- 
mena would happen in regard to eclipses ? 

When is an ecUpse of the moon partial, and when totals and 
what occasions this difference ? 

What are the relative positions of the sun, moon, and earth, 
when an eclipse of the sun happens f 

When does a total eclipse of the sun happen, and what oc- 
casions it ? 

Why is there not an eclipse of the sun at every new moan ? 

What is the average number of eclipses per year, of titH^n 
and moon ? 

Explain the phenomena of the harvesl moon. 

What are comets ? 

How many comets are knowh to return at certain periods.' 

What is meant by the parallax of a heavenly hody ? 

What is the diurnal parallax ? 

How are the parallaxes of the planets calculated ? Explain 
the figure. 

How are the relative distances of the planets from the sun 
determined ? 

How do you measure the distance of any planet from the 
snn f What is the rule ? 

Find the periodical time of a planet. 

Account for the curvilinear motions of the planets. 

Explain prop. 279. 

Why pe some of the stars calledyi:re(i stars 7 

How IS it proved that the fixed stars shine vnth their own 
light ? 

What number of stars are visible at any one time to the 
naked eye f 

What is said of the distance and number of the fixed stars i^ 

What is the use of dividing the stars into constellations ? 

Are all the stars included in the several constellations \ 

What gives the appearance called'the miJky way f 

"What are the spots in the heavens called nebula ? 

W}mt is md cpnoenungtbe appearance of new stars ? . 
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What are the principles on whieh tl^e parallax of a heaveh^ 
lybody is determined f 

Why have not the fixed stars a sensible annual parallax ? 

What inference is drawn from the fact, that the fixed vtars 
have no annual parallax i 



OF ELECTRICITY. 

285. The surface of the earth and of all the bodieis 
with which we are acquainted, is supposed to contain 
or possess a power of exciting or exhibiting a certain 
quantity of an exceeding subtile agent, §alled the elec- 
tric fluid or power. 

286. Thequantity usually belonging to any surface, 
is called its natural share, and then it produces no 
sensible effects ; but when any surface becomes pos- 
sessed of more, or of less, than its natural quantity, it 
is electrified, and it then exhibits certain appearances 
ascribed to the power, called eZec^nc. 

Experiment 1. Take a stick of sealing wax and rub it witli 
your hand, or with a piece of flannel, or on your coat sleeve* 
and it will have the power of attracting small bits of paper, or 
other yery light substances, when held near them. 

2. If a clean and dry glass tube be rubbed several times vtpr 
wards and downwards, and then presented to any small light 
substance, it will immediately attract and repel them altei^ 
nately for a considerable time. The tube is then said to be 
excited. 

3. If a glass tube be rubbed several times in the dark, and 
then brought within about half an inch of the finger, a lucid 
Spark wiU be seen between the finger and the tube, accompa,-* 
nied with a snapping noise, and the finger at the same tude 
will perceive the sensation of a prick from a pin. The attrofj* 
tion, repulsion, sparkling, and noise, are the effects of ehsctfici" 
ty, and are denominated electrical appearances* 
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The fidkwrine fimre renKMnta thi- appearance of Sparks of 

Tan oblnng: piece or me- 
ich as a poker, be taa- 
dbymeanaofa Jryailk 
, and the excited glan 
le preaented to its upper 
fien the lower end of the 
lie bodj will exhibit the 
pbenomenan as the tube 
aid passes through the 

5. irinilead of the metallic body, a stick of glasi, or sealing 
wax, be anapended, none (^ these phenomena will be exhibit, 
ed, which pniresthat ths electric flaid doei not pass throu^ 
thMe aubitaitee*. 

287. All those bodies which tranamit or conduct 
electricity from one surface to another, are called con- 
ductor* ; and those surfaces that will not transmit the 
electric power, are called electriet or non-cmultictori. 
SQ8. The metalB, semi-metals, and metallic ores, 
are conductors of electricity ; do are charcoal, frater, 
aad other fluids, except the aerial fluids and oil. Al- 
moat all saline, and many earthy substances, are iike- 
^ wise TMn-electric! or coaductora. 

289. The following substiinccs are electrics or 
fwn-condvctorst viz. vitrified substances, amber, sul- 
phur, reainous substaaces, wai, silk'cotton, feathers, 
vool. hair, paper, elastic fluids, sug»r, oil, metallic 
oiydes, animal and vegetable ashes, dry regetable 
substances, &c. 

290. When a surface is supposed to have more than 
its natural quantity of this fluid, it is said to bepositive- 
/y electrified ; when it is supposed to have leas than 
its natural share, it is said to be nc|'a(iii«{^ electrified. 

291. When any electrified condvctor is wholly 
aurrouiided by rion-cQndiietori, so that the electric 
fluid cannot pass from the conductor alongconductors 
to the earth, it is said to be insulated, 

Erp. The human body is a good conductor of electricity ; 
nit ifapersonstti>doiifto«k«afreBiD, oron n itttol lappoct- 
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ed by g^lass legs, the electric ftaid cannot pass from bim to the 
earth ; and if he is touched by another standing on the ground, 
he will exhibit sparks. 

292. The principal method of exciting the electric 
fluid is by contact, pressure, or friction. When an 
electric and ti on-electric are rubbed against each 
other, electricity is excited, and the electric power 
passes from the non-electric or conductor, to the 
electric or non-conductor. 

Exp. 1. If a smooth glass tube be rubbed with the hapd:^ 
the electric fluid will leave the hand, and pass upon the tube, 
which will then have more than its natural quantity. 

2. And if the finger, or any conducting substance, be pre- 
sented to the tube, the electricity will then pass to it. 

Obsm Certain changes in the forms of substance?, are al- 
ways connected with electrical effects. Thus, when vapour is 
formed, or condensed, the bodies in contact with the vapour be- 
come electrified. If, for instance, a plate of metal be strongly 
heated, and a drop of water be then poured upon the plate, at 
the moment the water rises in vapour, the gold leaves of the 
electrometer will diverge with negative electricity. Sulphur, 
after being melted, becomes strongly electrical during the 
time of congelation. 

293. Two surfaces, both positively, or both nega- 
tively electrified, mechanically repel each other ; and 
two substances, of which one is positively, and the 
other negatively electrified, mechanically attract each 
other. 

294. If any person who is insulated , rubs a glass 
tube, the person and the glass tube will become elec- 
trified, and be capable of attracting and repelling light 
bodies ; but the electricity of the person will diS^r 

from that of the tube. 

Exp. 1. Let two cork balls, connected by a linen thread, be 
held by a silk thread, attached to the midcUe of the former, at 
some distance from a wall ; then bring the excited tube near 
the balls, and it will first appear to attract, and soon after repel 
them ; this apparent repubion will continue for a considera- 
ble time, though the tube be removed. 

2. Let another pair of cork balls be brought in contact with 
the insulated person, and they will appear to repel ea9h other. 

3. But if the two pair of balls be brought near,- they, will 
attract each other, and the electrical power will disappear ; 
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which sliews that there are two electricilies, one being the 
reverse of the other, and seemiog to have what the other 
wants. 

4^ If the insulated person rub a stick of sulphur, or resin, 
QX sealing-wax, that substance will acquire the electricity 
whicby in the preceding experiment, was acquired by the in- 
Qilated persoD/i 

5. Hence positive and negative electricity have sometimes 
been called vUreous and resinow* 

295. Opposite electricities always accomt^any each 
Qther, for if any surface become positive, the surface 
with which it is rubbed becomes negative ; and if any 
surface be rendered positive, the nearest conducting 
surface will become negative. 

296. When one side of a metallic or other Conduc- 
tor receires the el^tric fluid, its, whole surface is in- 
sjtantly pervaded ; whereas when an electric is pre- 
sented to an electrified body, it becomes electrified 
on a small spot only. 

Obt, There is a stone found in many parts of the world 
called tourmalinf which is sometimes crystalized as a nine- 
aided prism, terminated by a three-sided and a six-sided pyra- 
mid ; when this substance is gently heated, it becoines elec- 
trical, and one extremity, that terminated by the six-sided 
pyramid. Is positive, the other is negative ; to a certain ex- 
tent, its electricities are exalted by increasing the tempera- 
ture ; when it begins to cool, it is still found electrical, but 
the electricities are changed ; the pyramid, before positive, 
k now negative, and vice versa. When the stone is of con- 
siderable size, flashes of light may be seen along its surface. 
There are oUier gems and orystaliied substances, which pos- 
sess a property similar to that of the tourmalin. The lumi- 
nous appearance of some diamonds, when heated, probably 
depends upon their electrical excitaticu. The substance 
caUed the baraeiU, which i^ a cube, having its edges and an- 
gles defective, becomes electrical by heat, and in one variety 
presents no less than eight sides, in different states, (bar 
positive, fbnr negative ; and the opposite poles are in the di- 
rection of the axis of the crystal 

297* If to one side of an electric, tiz^ a pane of 
C^ass, you coBunoaicate positiye electricity, the oppo- 
se side w91 become negatiyely (electdfied^and th^ 
kte is then, said t^ be chargea.. 
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Obi. The positive biuI negative electiicitiet, in the above 
case, cannot come together, unless acoimnunicatian,bf meant 
of conductors, 19 made bet wee d the sides of the|;las9; and in 
like manner as a plate of glass is charged, so the plate of air 
lying between any electrilied lurfacea is always charged. 

298. When two surfacesoppoailely electrified, are 
imited, their powers are destroyed, and if their union 
be made through the human body, it produce! an af- 
fection of the nerves called an electric shock. 

299. MncMnes haye been contrived for rubbingjo- 
gether the surfaces of electrics and non-electrics, and 
for collecting the electrip fluid, when so excited. 

Illus.1. Fig. 81, repre- 
tent! an tteclrical machine, 
G E F is a strong: board, 
which supports all the 
parts of (he machine, and 
' which may be fastened to ■ 
table by means of one or 
more jron,or brass clampe, 
asQ. Theglaacyltndcri 
B is supported by the two 
glass Ugt,G and B. IR is 
the rubber of leather, and 
silken flap. The rubber is 
spread with an amalgam 
of mercury and zinc.ortin. 
The rubber or cushion is 
_ fastened to a spring.which 
proceeds from a socket cemented on the top of the glaii pillar 
S. The lower part of this pillar is fixed into a small board, 
which slides upon the bottom board of the machine, and by 
means of a screw-nut and a slit at H, may be fined more or less 
forward, in order that the rubber may press more or less upon 
the cylinder, NF is o^/ojijiiWor, which is fixed in the bot- 
tom board, and supports the prime coiirluclor ML of hollow 
brass, or tin plate, or coated wood, which has a collection of 
pointed teirrs at L, and knobbed wire at M. From the brau 
knob O B longer spark may be drawn with the hand thsniront 
any other part of the conductor. 

'Z. When the cylinder is turned swiftly, the fi-iction ai the 

gla°s against the rubber c»uaeB the electric fluid which was up- 

16 
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do the rubber to pass to the glass, from whence it is conveyed 
to the points of the prime conductor, which are presented to 
every part of the oylinder-in succession. If one end of the 
chain be put on the knob x and the other end haitg on the 
ground, there will then be a constant supply of the electric 
fluid to the prime conductor, which will be discharged in sparks 
to any body presented to it. The ru6der is re-suppUed by means 
qf the surfiices in immediate contact, and these again are suppli- 
9^ by the general mass of the fluid that is lodged on the earth. 

300. Bodies or surfaces, that are charged with the 
same electricity, appear to repel each other ; but if 
one have more and the other less than its share, thej 
will appear to atiract one another. 

Exp. 1. Ifa tuft offeathers be hung on the prime conductor 
LM, fig. 81, the moment they are electrified by turning the 
wheel of the machine, they will endeavour to avoid one anoth- 
er and stand erect : because, being all electrified . by the same 
electricity, they repel each other. 

2. A large feather will, if placed in the hole sr, when the 
machine is worked, become beautifully turgid, expanding its 
fibres in all directions : and they collapse when the electricity 
is taken ofi*, by presenting any conducting substance t6 them; 

3. Excite a glass tube eighteen or twenty inches long, then 
present to it a small feather, which will first have the appear- 
ance of being attracted by it, and afterwards jump from it. 
If no other body happens to be in the way, it will tend towards 
the ground ; but if tihe tube be held under it, it will be still 
repelled, and may be driven about for a considerable time. 

4. Suspend a plate of metal from the conductor, and.under- 
neaUi it, at the distance of about three or four inches, put 
another plate of the same size ; upon the lower one small 
feathers, pieces of paper, &c. may be placed ; tiiese will, as 
soon as the machine is worked, jump to the plate, from which 
they win be repelled and fly to discharge themselves upon 
the lower plate, after which they will be attracted and re- 
pelled again, and so continue till the electricity of the upper 
plate is completely discharged* 

6. If two balls made of cork, or the pith of elder, about 
the size of Urge peas, be festened to silk threads, they will 
hang parallel to each other, and be in contact ; but when 
brought near the electrified prioM conductor, they will strong- 
^tepeleadi other. 
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6. Tbese balls, in fheir electrified state, shew whether the 
electricity is positive or negative ; for if it be positive^ by ap- 
plying an excited stick of sealing;-waz, the thread will col* 
lapse ; but, if it be negative, the sealing-wax will make thtfn 
recede still farther. 

301. A pair of cork or pith balls, or pieces of gold* 
leaf, are used to discover the presence or strength o^ 
electricity, and denominated an electrometer. 

Exp. Fig. 82, represents vl quadrant electromtf- 
ter, which may be fixed in the hole s of the prim^ 
conductor, fig. 81. It consists of a very light 
f^ rod, &nd pith ball A, turning on the centre of « 
semicircular B. According to the strength ^df 
the electricity the pith ball flies up, and the scale 
marks the degree in which the prime conductor 
is electrified. 

302. If a surface, containing only its natural share 
of electricity, be brought near a body that is electri- 
fied, positively or negatively, a part of the opposite 
electricity, in the form of a sparky will force itself 
through the air, from the latter to the former. 

303. When two surfaces, one electrified positive* 

ly the other negatively, approach each other, th^ 

superabundant electricity rushes violently from one 

to the other, to restore the equilil^rium. 

Obs. It rushes, says Sir Richard Phillips, through the near- 
est point of physical contact, usually some spicula on the sur- 
face, and in this spicula or point is consequently concentrated 
the entire power of the opposing sur&ces. Hence the positive 
side exliibits brushes at the points, diverging, diffusing, and 
vanbhing ; and the negative a concentrated and uniting star, 

' 304. If an animal be placed so as to form part lof this 

circuit, the electricity in passing through it produces 

a sudden and violent sensation ,called the electric shock. 

305, The motion of electricity, in passing from a 

positive to a negative body, is so rapid, that it ap» 

pears to be, in truth must be, instantaneous 

Ob8. The writer referred to i\bove, says it is analcigous tj^ 
light and shade, and therefore necessarily coiocident. 



J 
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306. WbenanypartofoneBideofaglasaispresent- 
ed to a body electrified positively or negatively, that 
side of the glass becomes possessed of the contrary ! 
kiad ofelectricity to the aide oflhebodyit is present* | 
ed to, aad the other side of the glass is possessed of 
the same kind of electricity as the other body. I 

Exp. Ifthe knob Ooftheprimeconductor,%.64,be elec- 
trified positively, and a pime of g'lms be pmented to the side 
next to O, it will be neifatively electrified, and the other side 
will be positively electrified, 

307. Electricity may be communicated to ti>e ' 
whole surface of glass, or any part of it, if it be co- | 
vered with a metallic substance, as tin-foil ; and this j 
is called coating the glass. , 

308. If a conducting communication be made be- 
tween both aides of the glass thus tonted and charged i 
with electricity, a dischai^ or explosion takes place, i 

Oil. Glsu of any form, provided it be lound, will answer 
the purpose ; but cjllndrical jara are chiefly used. ; 

309. Aglass bottle, orjar properly coated for elee- 
trical purposes, is called a Leyden phial, orjar, from 
the city where this property was first discovered, 

Ilba. Tig. 83, represents a Leyden jar 

L coated with tin-foil on the inside and outnde, 
within about three ioohc* of the top of its ojr- 
^ lindricalpart, and having B wire with a round 
■ brass knob, or ball. A, at its extremity, 'j'hts 
B wire passes through the cork, or wooden 
I stopper, and at its lowest extremity is a piece 
P ofchain that lout^es the inside coating in se- 
veral parts. To charge this jar, a communicBtion is made be- 
tween the electrical machine and the brass knob A, while the 
outside of the jar communicates with the earth by the table 
or the hand. 

Exp- 1. Bring the knob A of the jar near the prime conduct- 
Or,and after a few turns of the machine the jar will be chained : 
that is, the inside of the jar will be positively, and the outside 
negatively electrified ; or if the inside is negatively, the out- 
side will be positively electrified. R is a disiSiarging [od,wluch 
is tised to convey the anperabundant electricity from one , 
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aide to th« othar. where there k lea thui the iwtiiral ihare. 
The discharging rod consieti of two bnaa knobs a a attached 
to wires, which mave tound a joint x, fixed to a glass handle K. 

S. When one of the knoba is applied to the ball A, and tha 
other to the outside coating, a. communication is made be> 
tween the outside and inside of the jar, by whieh the eqaili- 
brium is Jnatantl; restored by the supu-abanibnt eleetricitj 
passing from one side to the other, appearii^ in the fbim of « 
vivid Sasb, accompanied with a loud report, 

3> A shock may be taken by patting one hand to the out* 
side coatiDg, ai at a, and bringing the other to the knob A. 

4. Anf number oTpersras may reoeive the shock together 
by laying hold of each others' hands, the person at one end 
toQc^ut^ the outside of the jar, and the person at the other 
end bringing his hand near the knob A. If there were * 
hundred persons so situated, thej would every one feel the 
shock at the MLme instant. The electric fluid may be Ihue 
conveyed momy miles in a moment of time. 

310, Several Leyden jars, coDoected together bjr 
making a commuaicatioD between all the oulaidei, and 
another communication between all their tntidet^ 
form an electrical batterV'. 



ISui. Fig. 84, represents a battery, consisting of sixteen 
jars, eoatod with tin-foil, and disposed in a proper box. The 
wires, which proceed from the inside of every four of those 
jars, are screwed, or fastened, to a common horizontal wire E, 
which is knobbed at each extremity, andby meaiis of the wires 
F, F.F, the inside coating of 4, 8, or 12, or of a^ the sixteen 
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jars may be cemented. The inside of the box, which con- 
tains these jars, is lined with tin-foil. On one side of this box 
there is a hole, through which a strong wire or hook passes, 
which communicates with the lining of the box, and of course, 
with the outside coating of the jar. To this hook a wire is 
occasionally fastened, which connects it with one branch of 
the discharging rod, B B C A. 

311. By means of the battery, electricity is capa- 
ble of producing the most powerful effects. 

Exp, 1. A very slender wire, as a:, being made part of the 
circuit, will, by the discharge of the battery, instantly be- 
come red hot. It sometimes melts into small globules of dif- 
ferent sizes. 

2. If between two slips of window-glasses some gold-leaf 
be placed, and the slips of glass be pressed firmly together, 
and the shock from a battery be sent through them, the gold- 
leaf will be forced into the pores of glass. 

3. If the gold-leaf be put between cards, and a strong charge 
be passed through them, it will be completely fused. 

4 Gunpowder may also be fired by the electrical battery. 

312. Metallic points attract the electricity from 
bodies silently, which renders them of a supposed use 
in defending buildings from lightning. 

313. When electricity enters at - a point, it ap- 
pears in the form of a star ; but when it goes out from 
a point, it puts on the appearance of a brush. 

Obt. Delicate apparatus may be put in motion by the elec- 
tric fluid when issuing^ from a point ; hence we have electrical 
orreries^ milU^ 8cc, 

314. Lightning is the rapid motion of vast masses 
of electric matter, and Thund^ is the noise produced 
by the rapid motion of lightning, or electric power. 

Ohs. As electricity appears to result from the general powers 
or agencies of matter, it is obvious, that it must be continually 
exhibited in nature, and that a number of important phenome- 
na must depend upon its operation. When aqueous vapour is 
condensed, the clouds formed are usually more or less electri- 
cal ; and the earth below them being brought into an opposite 
state, by induction, a discharge takes place when the clouds ap- 
proach within a certain distance, constituting lightning ; and Uie 

"Eolation of the air, produced by the ditseharge, is the cause of 
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thunder y which is more or less intense, and of longer or short- 
er duration, according^ to the quantity of air acted upon, and 
the distance of the place where the report is heard from the 
point of its dischargee. 

315. When the electric fluid passes through highly 
rarefied air, it constitutes the aurora borealis, or 
northern lights. Most of the great convulsions of na- 
ture, such as earthquakes, whirlwinds, hurricanes, 
&c. are generally accompanied by, and oAen depend- 
ent upon, the power of electricity. 

06i. The water-spout is probably the result of the opera- 
tion of a weakly electrical cloud, at an inconsiderable eleva- 
tion above the sea, broug^ht into an opposite state ; and the 
attraction of the lower part of the cloud, for the surface of 
the water, maybe the immediate cause of this extraordinary 
phenomenon. The corruscations of the aurora borealis and 
australis, precisely resemble strong artificial electricity, dis- 
charged through rare air ; and as the poles are non-conduc- 
tors, being coated with ice or snow, and as vapour must be 
constantly formed in the atmosphere above them, the idea of 
Franklin is not improbable, that tho auroras may arise from 
a discharge of electricity, accumulated in the atmosphere 
near the poles, into its rarer parts ; though other solutions of 
the phenomena may be given on the idea, that the earth itself 
is endowed with electrical polarity; or that the motions of 
the atmosphere produce the effect. 

QUESTIONS ON ELECTRICITY. 

What parts of bodies contain the electric fluid, internal or 
external ? 

Under what circumstances are the effects of the electric 
fluid shown ? 

When a piece of sealing-wax, or glass, is rubbed, why does 
it gain the power of attracting or repelling light bodies? 

How is it proved that the electric fluid will pass through 
a metal ? 

How is it proved that it will not pass through glass, or 
sealing-wax ? 

What substances are conductors and what are non-conduct- 
orf of this fluid f 

When a surface is supposed to have more than its natural 
ituantity of thii agent, what is said of it I 
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When a surface has less of the fluid how is it distipguished 
from one which has more f 

When is a body said to be insulated ? 

Under what circumstances can the human body be made 
to g^ye an electric shock? 

What are the principal methods of exciting: the electric 

fluid? y ^ "S 

When do two electrified bodies rqpel each other ? and when 
do they attract each other ? 

How is it shown that when an insulated person rubs a glass 
tube the person is electrified differently from the tube ? 

What is meant by vilrtimt and ruinoia electricity ? 

When electricity is excited by rubbing two surfaces to- 
gether, ' are they both in the same electrical states ? 

What is meant by electrics? 

What is said of the stone called tourmalin ? 

When two surfaces oppositely electrified are united what 
is the effect :" 

Explain the uses of the different parts of the electrical ma- 
chine. 

What is an electrometer .' 

If a surface containing its natural share of electricity be 
brought near one whichls positively or negatively electrified, 
what is the effect ? 

Does the electric fluid spread on glass ? 

How can it be communicated to a part of thfs suffece only? 

When is a piece of glass said to be coaled? 

What hai^ens when a communication is made between. 
both sides of a coated and charged glass P 

What shaped glasses anst^er best for these experiments ? 

What is a Lei/den phial ? ' 

Explain its structure and the method of charging and dis- 
charging it ? 

What constitutes an electrical battery ? 

Mention some of the striking experiments made by the 
battery. 

How are buildings defended from the effects of lightning ? 

When does electricity appear as a star^ and when as a 
brvah ? 

How can machinery be put in motion by electricity ? 

What is lightning ? 

What is thunder? 

What constitutes the aurorahorealis? 

What is the cause of the tcff/erspot^/.^' 
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GALVANIC ELECTRICITY. 



316. Galvanism is another mode of exciting elec- 
tricity. In electricity the effects are chiefly excited 
hy mechanical action ; but the effects of galvanism 
are produced by the chemical action of bodies upon 
each other. 

317. The nerves and muscles of animals are most 
easily affected by the galvanic fluid ; but combined 
in the voltaic battery, it possesses surprising powers 
of chemical decomposition. 

Obi. 1. In 1791, GalFani, of Bologna, discovered that a 
dead frog may have its muscles brought into action by very 
small quantities of electricity. He also discovered that the 
•ame motions may be prodaced in the dead animal, merely 
by making a communication between the nerves, and the 
muscles, by means of conducting substances. 

2. Some fishes have the property of giving shocks analogous 
to those of artificial electricity ; namely, the torpedo^ the gym- 
nottu eleetrietu, and the tiiurus eleelricut. If the torpedo, 
whilst standing in water, but not insulated, be touched with 
one hand, it generally communicates a trembling motion or 
slight shock to the hand. If the torpedo be touched with both 
handsat the same time, one hand being applied to its under and 
the other to its upper surface, a shock will be received exactly 
like thatoccasioned by the Leyden phial. The shock given by 
the torpedo when in air, is about four times as strong as when 
in water ; and when the animal is touched on both surfaces by 
the same hand, the thumb beingapplied to one surface, and the 
middle finger to the opposite, the shock is felt much stronger 
than when tl^e circuit is formed by both hands. The gymnot us 
electricus, or electrical eel, possesses all the electric properties 
of the torpedo, but in a superior degree. When small fish are 
put into the water wherein the gymnotus iskept, they are gen- 
erally stunned or killed by the shock, and then they are swal- 
lowed if the animal be hungry. The strongest shock of the 
gymnotus will pass a very short interruption of continuity in 
the circuit. When the interruption is formed by the incision 
made by a penknife on a slip of tin-foil that is pasted on glass, 
and that slip is put into the circuit,th6 shock,in passing through 
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that interruption, will shew a small but vivid spark, plainly 
to be seen in a dark room. The g^ymnotus seemed also to be 
possessed of a sort of new setue, by which he knows whether 
the bodies presented to him are conductors or not. This fact 
has been ascertained by a great number of experiments. 

Exp, 1. If a living frog, or a live fish, as a flounder, having 
a slip of tin-foil pasted on its back, be placed upon a piece of 
zinc, whenever a communication is formed between the zinc 
and tin-foil, the spasms of the muscles are excited. 

S. If a person place a piece K)f one metal, as a half-crown, 
above, and a piece of some other metal, as zinc, below bv 
tongue, by bringing the outer edges of these pieces in con- 
tact, he will perceive a peculiar taste, and in the dark will 
see a flash of light. 

3. If a person in a dark place put a slip of tin-foil upon the 
bulb of one of his eyes, and a piece of silver in his n^outh, by 
causing these pieces to communicate, a faint flash will appear 
before his eyes. 

318. The conductors of the galvanic fluid are di- 
Tided into the perfect and imperfect. The perfect 

. conductors consist of metallic substances and char- 
coal.— The imperfect conductors are water and oxy- 
dated fluids^ as the acids, and all the substances that 
contain these fluids, 

319. The simplest galvanic combinations must con- 
sist of three difl*erent conductors, not v^holly of one 
class. When two of the three bodies are of the first 
class, the combination is said to })e of the first order; 
when otherwise, it is said to he of the second. 

320. It seems to be indispensably requisite, in sim- 
ple galvanic circles, that the conductors of one class 
shall have some chemical action upon those of the other. 

Exp. If a piece of zinc be laid upon a piece of copper, and 
upon the copper a piece of card or flannel, moistened with a 
solution of salt water, a circle of the first class is formed; and 
then if three other pieces be laid on these in the same order, 
and repeated several times, the whole will form a pile or batiC' 
ri/ of the first oTder, 

32 1 . When the three bodies which form a galvanic 
circle of the first order are laid on one another, the up- 
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per and the under one not touching, these two ex« 
tremed form opposite electric states. 

322. The galvanic effects may he increased to any ' 

degree, by a repetition of the same simple galvanic 

combination, and these repeate<l combinations are 

called galvanic piles or batteries, which may be con* 

structed of various forms. 

Exp, 1. Take a number, say twelve plates of silver, and 
the came number of pieces of zinc, and also of woollen cloth, 
the last having been soaked in a solution of sal ammoniac in 
water ; with these a pile is to be formed, viz. a piece of silver, 
a piece of zinc, a piece of cloth, and thus repeated. These 
are to be supported by three glass rods placed perpendicular- 
ly with pieces of wood at the top and bottom, and the pile is 
complete, and will afford a constant current of electric fluid, 
through any conducting substance ; thus, if one hand be ap- 
plied to the lower plate, and the other to the upper one, a 
shock will be felt, which is repeated as often as the contact ia 
renewed. But the plates will soon become oxydated^ and re- 
quire cleaning in order to make them act. 

2. Another battery consists of a. 
row of glasses of any shape, a a, fig. 
86, containing absolution of salt ai^ 
water; into each of these, except 
the two on the outside, is put a plate 
of zinc £, and another of silver x; 
theee plates communicate by means of the wires w tr, and are 
so fastened, that .the silver, r, in one glass is connected with 
the zinc, sr, in the other : when one hand is dipped into the 
first glass, and another in the last, a shock is felt The glasses 
may be of any number. 

3. The most convenient 
kind of battery consists of 
a trough B, fig. 87, made 
of baked wood, three in- 
ches broad, and about at 
deep ; in the sides of the 
trough are grooves oppo- 
site to each other ; into each pair of grooves is fixed by oemertt 
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a plate of cine and iilver loldered together, and in the order 
of silFer and zino ; the cement mast be filled in >o as to pre- 
vent liny commaoication betweeii the different cells. The 
cells are to be filled with water, or with a polation of water 
and nitrons acid, when, a communication being made be- 
tween the first and last cell, by means of the hands, a strong 
shock is felt, and will be repeated as often as the contact is 
renewed. 

4. Several persons^ by joining hands, having first wetted 
them with water, may receive the shock. 

5. If, plates of copper and zinc, two or three inches iqQare, 
and pieces of cloth of the same size, soaked in a solution of 
salts of sal ammoniac, or nitre, be arranged in the order of 
copper, zinc, moistened cloth, and so on,and made into an ior 
lulated pile, of which the series are two hundred, several re- 
markable phenomena will occur. When one hand is applied 
to the bottom of the pile, and the other to the top, both hands 
being moistened, a shock will be perceived. When a metal- 
lic wire, having a bit of well burned charcoal at its extremi- 
ty, is made to connect the two extremities of the pile, a spark 
wUl be perceived, or the point of the charcoal will become ig- 
nited. A wire connected with the top of the pile, brought in 
contact with a sensible electrometer, will cause the leaves to 
diverge ; and, by removing the wire and applying excited 
glass to the electrometer, it will be found that the electricity 
IS positive ; a wire connected with the bottom of the pile will 
afiectit with negative electricity ; a wire from the middle of 
the pile will have no influence on the instrument. If wires 
of platina from the extremities of the pile be introduced into 
water, or into two portions of water connected by moist sub- , 
stances, oxygen gas will separate at the wire exhibiting the I 
positive electricity; and hydrogen gas at the wire exhibiting; 
the negative electricity ; and the proportions are such, when 
the proper circumstances exist, that they will produce wa- 
ter when exploded by the electrical spark, that is, the volume 
of hydrogen will be to that of oxygen, as two to one. If the 
same wires be introduced into a strong solution of sulphuric 
or phosphoric acid,or iotometallic solutions, oxygen will sepa- 
rate at the positive surface, the inflammable, or metallic 
matter contained in the solution, at the negative surface. 

323. The spark from a powerful galvanic battery 

acts upon and inflames gunpowder, charcoal, cotton, 

and other inflammable bodies,me]ts all metals, dispers- 

" diamonds, &c. 



QF GALVANIC BLECTRICITT. 193 

Exp. Fill the battery (fig. 87,) with water and nitrous aoid, 
in the proportion of nine parts of water and one of add, and 
wipe the edg^es of the plates very dry, then the wires w io_ are 
to be fastened to pieces of copper, and put into the outer 
cells : a a are little glass tubes to hold the wires by. Bring; the 
ends of the wires together on the plate of glass x, and a spark 
will be perceived : if gunpowder be laid on the glass between 
the points of the wires, it will be exploded. 

2. Gold and silver leafmay be inflamed in this way ; Dutch 
gold bums with a beautiful green light ; silver with pale blue ; 
gdld with yellow light. 

3. The most powerful combination that exists, in which the 
greatest liumber of alterations is combined with extent of sur- 
face, is that in the laboratory of the Royal InstittUion. It con- 
sists of two hundred instruments, connected together in regu- 
lar order, each composed often double plates arranged in cells 
of porcelain, and containing in each plate 32 square inches ; so 
that the whole number of double plates is 2000, and the whole 
surface 128,000 square inches. This battery, when the cells 
were filled with sixty parts of water, mixed with one part of 
nitric acid, and one part of sulphuric acid, affords a series of 
brilliant and impressive effects. When pieces of charcoal 
about an inch long, and one-sixth of an inch in diameter, are 
brought near each other, (within the thirtieth or fortieth part 
of an inch) a bright spark is produced, and more than half the 
volume of the charcoal becomes ignited to whiteness, and by 
withdrawing the points firom each other a constant cUscharge 
takes place through the heated air, in a space equal at least to 
four inches, producing a most brilliant ascending arch of light, 
broad, and conical in form in the middle. When any substance 
is introduced into this arch, it instantly becomes ignited ; pla- 
tina melts as readily in it as wax in the flame of a common 
candle ; quartz, the sapphire, magnesia, lime, all enter into 
fusion : fragments of diamond, and points of charcoal andplum- 
bago, rapidly disappear and seem to evaporate in it. Such are 
the decomposing powers of electricity, that not even insoluble 
compounds are capable of resisting their energy : for glass, sul- 
phate of baryta, fluor spar, &c. when moistened and placed in 
contact with electrified surfaces from the voltaic apparatus, 
are slowly acted upon, tsid. the alkaline, earthy, or acid mat- 
ter carried to the poles in the common order. Not even the 
inost solid aggregated, nor the firmest compounds, are capable 
ofrensting this mode of attnek; its operation is slow, but the 

IT 
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results are certain ; and sootier or later, by means of It, bo- 
dies are resolved into simpler forms of matter. — Davy. 

324. By galvanism many facts in common life are 
explained, which were unintelligible before. 

Exjh 1* Porter is said to have a peculiar taste when drank 
out of a pewter vessel ; here is a complete g;alvanic circle of 
the second order ; the moisture of the. under lip is one con- 
ductor of the second class, the porter is the other, and the pew- 
ter is the conductor of the first class. 

2. Another galvanic circle is seen by the discolouration of 
a silver spoon in eating eggs ; the saliva and fluid egg are con- 
ductors of the second class, and the silver of the first. 

3. Pure mercury retains its splendour a long time ; bat let 
it be amalgamated with tin, and it is quickly oxydated. 

4. Works of metal, the parts of which are soldered together, 
ibon tarnish in the places where the metals are joined. 

5. The nails and the copper in the sheathing of ships are 
soon corroded about the place of contact. These are the ef> 
fects of galvanism. 

325. The effects of galvanism on metallic bodies 
are greatly increased by using plates of a large size ; 
and on the contrary the shock is increased by n^ilti- 
plying the pairs of plates. 

Obs, 1. The shock of a battery containing 80 or 100 pairs of 
plates, of three or four inches in diameter, is such as few per- 
sons would be willing to bear more than once. At the same 
.time, such a battery produces but feeble efiecta when passed 
through a metallic wire. On the contrary, if one or two pairs 
of plates containing the same extent of surface be used, the 
3ensation it gives is hardly to be felt, while it will deflagrate a 
metallic wire of considerable size. 

2. Professor Hare, of Philadelphia, has invented a new gal- 
vanic apparatus, in which the calorific influence, or power of 
deflagration, is immensely increased while the electrical influ- 
ence is scarcely to be felt. 

This instrument is so contrived as to exhibit in efiect only 
two galvanic pairs of enormous size. 

' In consequence of the phenomena produced by this machine, 
the inventor has ofiiered a new theory of galvanism, which is 
likely to formli distinct erain the history of that science. See 
Silliman^s Journal, abo the last edition of Henry's Chembtry. 

3S6. There is a remarkable analogjr between the 
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^vanic influence and the nervous influence. The 
galvanic influence being capable, in some instances of 
supplying the place of the nerves. 

Obs. 1. Dr, Wilson Phillip in his inquiry into the laws of 
the vital functions has shown, that if a nerve be divided, and 
a stream of galvanism be directed along and through the part, ' 
whose functions depend on this, that the function was per- 
formed as usual. Thus on dividing the nerves which are dis- 
tributed to the stAmachy the process of digestion ceases though 
the animal continues to live for soma time. But on supplying 
the place of the nervous power by the galvanic influence, di- 
gestion was performed as usual. 

2. In the same way it was found, that when the nerves dis- 
tributed to other parts were divided, and the part became 
palsied for want or the nervous power, a stream of galvanism 
rightly directed would again in a good degree restore the ac- 
tion of that part. 

3. Dr. Phillip having conjectured that the heat of animafei 
depended on the influence of the vervee, wished to observe 
how far the galvanic power might produce this effect For 
this purpose some blood was drawn from two animals of the 
same kind and temperature into two small cu]^. The blood 
in one of the cups was submitted to the galvanic influence, while 
the other was placed under the same circumstances, except 
in this respect. Now if the galvanized blood remained warm 
the longest, or had its temperature increased, it would show 
an additional analogy between the galvanic aad nervous ener- 
gy, if indeed animal heat depends on the latter* The experi- 
ment gave a decided proof &at the galvanic power had some 
influence on the temperature of newly drawn blood, for that 
portion which was submitted to its action, not only remained 
warm longer than the other, but its temperature was actually 
raised several degrees. 

4. From the dSHculty in breathing, which animals experi- 
ence on depriving the lungs of a portiog of their nervous in- 
fluence. Dr. Phillip was led to make trial of galvanism in 
asthma, suspecting in this disease there might be a want of' 
nervous power. The inf(^rence whieh he draws from a very 
considerable number of trials on persons afflicted with this 
disease, is, that there is a diflicult transmission of the ner- 
vous iitiQuence, through the nerves which supgly the organs 
of respiration, and that in a great majority of cases the asth- 
ma may be permanently cured, or at least relieved by gaU 
vanism. 
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327. Galranism had a peculiar and most sorpris- 
iog effect on the muscles of dead animals, their limbs 
being thrown into violent motion by it a considerable 
time after the life of the animal is extinct. 

5. The most striking; effects of galvanism on the homao 
irame after death, wereeidiibited at Gla^ow a few years since. 

The subject on which these experiments wei'e made, was 
the body of the murderer Clydesdale, who was hang^ed at that 
city. He was suspended an hour, and the first experiment was 
made in about ten minutes after he was cyd down. The gal- 
vanic battery consisted of S70 pairs of four inch plates. 

The subject was prepared for the first expieriment by mak- 
ing an incision into the nape of the neck, and removing a 
part of the atlas veriebre^ so as to bring the spinal marrow into 
view ; at the same time, another incision was made in the 
left hip so as to lay above the sciatic nerve and another sntall 
one in the heeL The pointed rod connected with one end of 
the battery was now made to touch the spinal marrow, while 
the end of the other was placed in contact with the sciatic 
nerve. Every muscle of the body was immediately agitated 
with convulsive movements resembling a violent shuddering 
firom cold. On moving the rod to the heel, the knee being 
previously bent, the leg was thrown out with such violence, as 
nearly to overturn one of the assistants, who in vain attempted 
to prevent its extension. 

The next experiment was made by directing the galvanic 
power in the coiA-se of the phrenic nerve, which goes to the 
principal muscle of respiration, the diaphragm. The effects 
were far more striking than before. ^' Full, nay, laborious 
breathing," says Dr. Ure, " instantly commenced. The chest 
heaved and fell ; the abdomen was protruded, and again col- 
lapsed with the relaxing and retiring diaphras;m." 

In the judgment of many scientific gentlemen who witness- 
ed the scene, this respiratory experiment was, perhaps, the 
most striking ever made with a philosophical apparatus. The 
next experiment was made by applying one of the wires to the 
supra obital nerve under the eye brow, and the other to the 
heel. Most extraordinary grimaces were made ; " every 
muscle in the countenance was simultaneously thrown into 
fearful action ; rage, horror, despair, anguish, and ghastly 
smiles, united their hideous expressions in the mui^erer's 
face." At this period, several of tiie spectators were forced to 
leave the room from terror or sickness, and one gentleman 
tinted. '^ In the last experiment, one of the wires was made 
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to touch the Bpinal marrow at the nape of the neck, aad the 
ether an incision in the top of the fore finger ; the first being' 
preyiously clenched. The finger extended instantly, and 
from the convulsive agitation of tiie arm, the finger seemed to 
*point out the different spectators, some of whom thought he 
had reallf come to life." 

QUESTIONS ON GALVANISM. 

liVhat is meant by Galvanism ? 

What parts of animals are most easily affected by the gal- 
vanic fluid? 

When, and by whom was the galvanic principle discovered i 

What effect does it have on dead animals ? 

What animals have the power of giving electric shocks ? 

What is the experiment with the Uving firog, or fishf 

How are galvanic conductors divided ? 

What are ihe perfect^ and what the imperfect conductors ? 

What Mre the most simple galvanic combinations f 

When is the combination of the first, and when of the second 
order ? 

Do the conductors of one class have any chemical action on 
those of the other ? 

How is a battery of the first order constructed ? 

What parts of a pile are in opposite electric states ? 

How can galvanic effects be increased ? 

Explain the mode of constructing a galvanic battery. 

What substances can be set on fire by the galvanic shock ? 

What fluid is used to fill a galvanic trough ? 

What facts in common life are explained by galvanism ? 

In what respect is it increased by multiplying the pairs of 
email plates ? 

What is Professor HareV invention ? 

What analogy is there between galvanism and the nervous 
finfluenee ? 

What effect does galvanism have on the temperature of 
warm blood? 

What is said of its effects on asthma ? 

What is s^id of the effects of galvanism on the body of Cly- 
desdale? 

17 * 
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OF MAGNETISM. 

328. Magnetism explains the properties of the 
loadstone, or natural magnet, which is a dark colour- 
ed and hard mineral body, and is found to be an ore 
of iron, being generally found in iron mines. 

The magnetic properties of the natural magnet 
may be communicated to other bodies, whick are 
then called artificial magnets. These properties can, 
however, be communicated to no other sub8tance» 
than iron or nickel. 

829. The following arc the characteristic proper- 
ties of a magnet. 1. The magnet attracts iron and 
steel. 2. A magnet, if left at liberty, will point to- 
wards the poles of the earth, or very nearly so, and 
each end always points to the same pole. S. Wken 
the north pole of one magnet is presented within a 
certain distance to the south pole of another, they 
will attract each other. But if a north pole of one 
be presented to the north pole of another, or a south 
to a south, they will repel each other. 4. The two 
poles of a magnet, left at liberty, do not lie in the 
zmme horizontal direction ; one of them inclines tp- 
wards the horizon, and of course the inclination of 
this causes an elevation of the other pole above it, • 
This is called the inclination or dipping of the magnet. 
5. Any magnet may be made to impart those proper- 
ties to iron or steel. 

All natural and artificial magnets, as well as the bo- 
dies upon which they dct, are either iron in its pure 
state, or such compounds as contain it. All magpiets 
attract iron and nickel. 

Obs, 1. The action and re-action of the magnetic power are 
mutual and equal ; for if a piece of iron, or steel, or other fer- 
ruginous substance, be brought within a certain distance of 
one of the poles of a magnet, it is attracted by it, so as to ad- 
here to the magnet, and »ot suffer itself to be separated with- 
out iin evident effort. 
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2. The attraction is mutuaU for the iron attracts the mag- 
net as much as the magnet attracts the iron ; since if they be 
placed on pieces of wood, or cork, so as to ioat upon the sur- 
face of water, it will be found that the iron advances towards 
the magnet as well as the magnet advances towards the iron : 
or, if the iron be kept steady, then the magnet will move to- 
wards it, 

330. When a magnet is at liberty to move itself 
freely, it constantly turns the same end towards the 
north pole, and of course the opposite part towards ^ 
southpoUf of the earth* 

331. Those parts of the magnet's surface which it 
tarns towards the poles of the earthy are called the 
north and south poles of the magnet. 

352. The property of pointing to these poles is 
called its directive paa>er, and when it moves to place 
itself in that direction, it is said to traverse. 

333. The magnetic meridian passes through the 
poles of the magnet when standing in their natural 
direction.. The declination of the magnet, or of the 
magnetic needle, is the angle which the magnetic me- 
^•idian makes with the meridian of the place. 

334. The north or south poles of two magnets re- 
pel each other ; but the north pole of one attracts the 

)K)uth pole of another. 

Exp. Place a magnetic needle upon a pin stuck on a table, 
and when it stands steady, place an iron bar, eight inches long, 
and half an inch thick, upon the table, so that one end of it 
may be on one side of the north pole of the needle, and near 
• enough to draw it a little out of its natural directioR. In this 
situation approach gradually the north pole of a magnet to the 
other extremity of the bar, and you will see the needle's north 
end will recede from the bar, in proportion as the magnet is 
brought nearer to the bar. 

335. The inclination, or dippings of the magnetic 
needle, expresses the property which the magnet pos- 
sesses of inclining one of its poles towards the hori- 
zon, and elevating the other pole above it. 

,336. Any magnet may, by proper miethoda, be 
made to impart its properties to irop» steel, or nickel 
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337. When a piece of iron is brought within a cer- 
tain distance of one of the poles of a magnet it is at- 
tracted bj It ; the attraction is strongest at the poles. 

338. The magnetic attraction is not in the least di- 
minished by the interposition of any bodies except iron. 

Exp, 1. Suppose a mag^iiet placed at an inch distance from 
a piece of iron, requires an ounce of force to remove it^ or 
which is the same things, suppose that the attraction towards 
each other is equal to one ounce : it will be found that the 
same deg;ree of attraction remains constantly unaltered, 
though a plate of other metal, glass* paper, &c. be interposed 
between the magnet and the iron, or though they be inclosed 
in separate boxes of glass or other matter. 

2. Move steel filings placed on a brass plate, in ^water, &c. 
by holding a magnet under the vessel. 

3. Strew on a sheet of paper, some iron filings, and lay a 
small magnet among them; then shake the table a little, and 
the filings will arrange tfatemselves in the way represented in 
fig. 90. But if iron filings are shaken through a gauze sieve 
upon a paper that covers a bar magnet, the filings will be 
arrsuiged in curved lines. 

4. Sprinkle steel dust on a a sheet of papef , under which is 
placed a magnet, 'or two magnets, having thetr poles opposite 
to each other, and at the distance of about an inch, 

5. A needle under an exhausted receiver, will be attract*- 
ed at the same distance as in the open air. 

389. Soft iron is attracted by the magnet more for- 
cibly than steel, but it is not capable of preserring 
the magnetic property so long. 

340. Heat weakens the magnetic power, and a great 
heat destroys it. The gradual addition of weight to a 
magnet kept in its proper situation, increases the 
magnetic power. 

Obs. Among natural magnets, the smallest generally possess 
a greater attractive power, in proportion to their size, than 
those which are larger. Tla^ere have been natural magnets not 
exceeding twenty or thirty grains, which would lift a piece of 
iron that would weigh ferty or fifty times more than them- 
selves. A small magnet, worn by Sir Isaac Newton in a ring, 
weighing about three grains, is said to have taken up 746 
grains, or near 250 times its own weight, and Mr, Cavallobai 
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seen one of six or ae'^en grains weight, which was capable of 
lifting a weight of 500 grains. But magnets of two pounds and* 
upwards, seldom lift up ten times their own weight of iron. 

341. The north pole of a magnet is more powerful 
in the northern, and the south in the southern parte of 
the world. 

342. When ^ magnet with two poles is freely sus- 
pended, or floats upon water, with no iron near it, 
it places itself in the magnetic meridian, and it is this 
principle of polarity that makes it so useful to navi- 
gate at sea. 

' Obs. 1. When a magnet is kept freely suspended, so that it 
may turn north or soutii, the pilot, by looking at its position, 
can steer his course in any required direction at sea. 

2. An artificial magnet, fitted up in a proper box, is called 
the magnetic neeilt^ and the whole t<^;ether is called the 
mariner* 4 compass. See figs. 90, 9f , 

3. Though the noVth pole of the magnet always points to- 
ward the northern, and die south toward the southern parts, 
yet their direction is seldom in the exact direction of the poles 
of the earth, that is, the magnetic and the real meridian sel- 
dom coincide, and the angle which they make is called the 
angle of declination^ or vdriaHon of the magnetic needle. 

4« This declination is said to be east or west^ according as 
the north pole of the needle is eastward or westward of the 
true meridian of the place. 

5. At present the declination, or variation, of the magnetic 
needle, is about twenty-four degrees westward at London, and 
the dipping seventy degre^ 

343. When a piece of iron is brought sufl&ciently 

near a magnet, it becomes iteelf a magnet. Bars of 

iron that have stood long in a perpendicular situation, 

are generally found to be magnetical. 

Obs. 1. If a long piece of hard iron be made red hot, and 
then sufiered to cool in the direction of the magnetical line, it 
becomes magnetical. The electric shock will often render 
iron magnetical ; so also wiU lightning, , 

2. Artificial magnets are made by applying one or more 
powerful magnets to pieces of hard steel. The power of a 
magnet is not diminished by communicating its properties to 
other bodies. 

3. Two or more magnets joined together may communicate 
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a g^reater power to a piece of steel Uian either of them pos^ 
sesses sing^ly. 

4. The phenomeDODof the compass, and the dipping: needle, 
and of the mag^netism acquired by an iron bar in a vertical 
posftioo, leave no room to doubt but that the cause exists with- 
in the earth. Dr. Halley supposed that the earth has within 
it a larg^er magnetic globe, not fixed within to the external 
parts, having four magnetic poles, two fixed and two movea- 
ble, which will account for all the phenomena of the com- 
pass and dipping needle. This would make the variation 
subject to a constant law, whereas we find casual changes 
which cannot \s% accounted for upon this hypothesis. This 
the Doctor supposetmay 'arise from an unequal and irregular 
distribution of the magnetical matter. The irregular distri- 
bution also of ferru/pnons matter in th^ shell may likewise 
cause some irregularities^ 

5. Mr. Cavallo*8 opinion is, that the magnetiAn of the earth 
arises from the magnetic substances therein contained, and 
that the magnetic poles may be considered as the centres o f 
the polarities of all the particular aggregates of the magnetic 
substances ; and as these substances are subject to change, 
the poles will change. Perhaps it may not be easy to con- 
ceive how these substancea can have changed so materially, 
as to have caused so great a variation in the poles, the posi- 
tion of the compass having changed from the east towards the 
west about thirty-three degrees in two hundred years. Also 
the gradual, though, not exactly regular, change of variation 
shews that it cannot depend upon the accidental changes 
which may take place in the matter of the earth. 

6. Mr. Churchman, of America, says there are two mag- 
netic poles of the earth, one totheiiorth and the other to the 
south, at different distances from tne poles of the earth, and 
revolving in different times ; and from the combined influ- 
ence of these two poles, he deduces rules for the position of 
the needle in all places of the earth, and at all times past, 
present, and to come. The north magnetic pole, he says, 
makes a complete revolution in 426 years, 77 days, and 9 
hours, and the south pole in about 5459Tyears. In the begin- 
ning of the year 1777, the north magnetic pole was 76** 4' 
north latitude ; and in longitude from Greenwich 140^ east ; 
and the south was in 7^ south latitude, 140^ east from 
Greenwich. 

344. A magnetic needle is made by fastening the 

steel on a piece of board, and drawing magnets over 

it, from the centre outwards. 
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the am of irhicb ihowi the op- 
^^ ^0 p»r liile, and the leconJ a >iile 

^■'■^^■■■^"''■"^^ view of the needle, hnviog a 
p| prelt; large hole in the tnitldU, 

to which a cODJcal piece is sdaptsd by means of a bniia piece 
O, into this the agale cap (as it is called) is fastened. The 
apfx of the hollolr cap rests upon the point of a pin F, irhich 
is fixed in the centre of the box, aod upon which the needle 
beinf; properly balanced, tarns verj' niroblj. 

!lltu.3. Amariner'icoDtpassia represented in Gg. 90 ; the 
box which contains the card, or fly, with the needle, is made 
of a circular form, either of wood, or brass, or copper. It is 



suspended within atqaare wooden box B, fig. 91, by means nf 
two concentric circles, called gambolt, lo fixed by cross axes, 
a, a, a, a, fig. SO, to the two boxes, (bat the inner one, or 
compass box, shall retain an harizoctal position in all mntions 
of a ship, whilst the outer or square box ia fixed Vith respect 
to the ship. The compass box ia covered with a pane ofglaas, 
that'the motionsoftbecard may not be disturbed by (he wind. 
What is called the card is a circular piece of paper, which is 
fastened upon (he needle, and moTcs with it. The oater edge 
of this card is divided into 360 equal parts nr degrees, and 
within the circle of these ^visions it is again divided into 32 
equal parta, or area, which are called the points of the compass, 
or rhumbs, each of which is often subdivideit into quarters. 

3. There seems to be a similarity bejween megnetbin and 
electricity. If two pieces of soft iron wire be led each to a 
separate thread, and they are hung freely, and if the north end 
of a magnet bar be bronght under them, the wires will repel 
each other as in electrieity. The same result would happen if 
tke aoulh pol« of the mngntt be preseoled iintead of the nortb.^ 
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QUESTIONS ON MAGNETISM. 

What is the natural magnet^ and 'where is it found ? 

To what sabstances can magnetic properties be communi- 
cated? 

What are the characteristic properties of the magn^et ? 

What are the substances attracted by the magnet ? 

What are the poles of the magnet ? 

What is the magnetic meridian ? 

What is the dedination of the magnetic needle? 

Which of the magnetic poles attract^ and which rtpel each 
other? 

What is meant by the dipping of the needle ? 

Is the attraction of a magnet diminished by the interpositioii 
of any body? 

How is this proved ? 

Which is attracted most powerfully, iron or steel ? 

How is the magnetic power weakened or destroyed ? 

How is the magnetic power increased ? 

When does the magnet place itself in the magnetic meridian ? 

Whas is meant by Uie angle ofdulinatixm, or variation ? 

What is a mariner's compass ? 

In what cases does iron become magnetic without the use of 
a magnet? 

How are artificial magnets made ? 

Where does the eauu of magnetism exist? 

What is Mr. Cavallo's opinion of the cause of magnetism? 

What is Mr« Churchman's opinion? 

How is a magnetic needle made ? 

Explain the figure of the mariiter's compass. 



GLOSSARY 



OF SCIENTIFIC TERMS AND TECHNICAL WORDS. 



Accelerated motion, is motion added to motioD, by the constant 

action of an orig^inal force. 
Acoustics^ the science of sound and hearing^. 
Air-Pump^ a machine for making experiments on air. 
Amplitude^ the point of the compass at which a heavenly bo* 

dy rises or sets. 
Aphelion, the point of the orbit of a planet which is the most 

distant from the sun. 
Apogee, the sun's or moon's greatest distance from the earth. 
Astronomy, the science which treats of the planets, stars, and 

celestial motions. 
Attraction,\\i% phenomena of bodies falling together, without 

sensible cause. 
Atmosphercy the fluid or air in which men and other animals 

live, and which surrounds the earth to a considerable 

height. 
Aaimuth, the bearing of any hearenly body which is abore 

the hprizon. 
Barometer, an instrument for measuring tlie elasticity of the 

atmospheric air. 
Cause, that which produces or appears to produce an effects 
Capillary tubes, which resemble hair, and exhibit peculiar 

phenomena of attraction on fluids. 
Central forces, that composition of forces, by which bodies 

move in circles or curves. 
Centripetal force, the force which acts from the circumference 

towards the centre. « 
Centrifugal force, the force which acts in the direction of a 

tang^t to the circle or orbit. 
Centre of Gravity, the point of any body about which all its 

parts balance each other. 
Cohesion, the power which binds particles of matter into so- 
lid masses. 
CoQis o/iAee^, the sclerotica, the choroides, and the retina. 

18 
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Comftic/or^ydaaseB of bodies which conduct, with different de- 
g;rees of facility, the powers of heat and electricity. 

Concave^ a hollow surface. 

Convex^ a projecting surface. 

Convergency^ tending towards a point. 

Constellaiions^ figures which the various groups of stars are 
supposed to resemble. 

Deeompescj to take to pieces, or analyze. 

Declination^ the distance of a heavenly body, north or south of 
the equinoctial. 

Diagonal^ the line drawn from one angle to another of any 
figure. 

Jbifc, the iaee or »ur&ce of the sun or moon. 

Divergency^ spreading from a point. 

DimsibUUi/y the power which exists of dividing particles o 
matter indefinitely. 

Dj/naimef, the science of motion, forces, or momenta. 

Excentricityy in the earth's orbit ; the excentricity is equal to 
168 ten thousandths, or .0168 of the mean distance. 

Exeentriciiy of the planet^s orbits is the distance of the sun 
from the centre of the orbit. 

Ecliptic^ the line in which the sun appears to move. 

Eelipte of the Sun^ an interception of the light of the sun on 
the earth by Uie intervening moon. 

Eclipse of the Moon^ the interception of the light of the sun on 
the moon by the intervening earth. 

Elasticity^ the disposition and power which bodies possess of 
returning tc^eir original position and shape. 

Elements^ any substances which cannot be decomposed, as 
oxygen, nitrogen, and hyd4i|gen ; phosphorus, sulphur, 
carbon, and the-eartfaB; the metals, and the 'alkalies. 

Equinoctial or Equator^ the circle of the earth, which is mH- 
way between the north and south pole. 

Equation of time, arises from various unequal motions of the 
sun, but chiefly from the quick motion ir. the earth's peri- 
helion, which is 61' 10" per day, on January 1, and the 
slow motion in the aphelion, which is about 57' it 1-.2'' 
per day, or one fifteenth less, on July 1. 

Equinoxes^ the beginning of Aries and Libra, or equal day 
and night. 

Eudiometer^ an instrument for measuring the purity of air. 

Evaporation, the passing of fluids into a state of vapour. 

Focus^ a central point, tiie place where rays of light or a natu- 
ral power oonverge. Its plural is foci. 

Ptt/crwm, a prop on whicti a lever acts. 
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Fusion f the rendering of a solid body fluid, by tbe application 

of heat 
Gas^ the elastic or expanded state of any fluid or substance 

formed by the action of heat. . 
Galvanism^ the science of chemical or animal electricity, in 

which electrical efiects are permanent without friction. 
Geoeentrie placcy the places of the planets, as seen from the 

earth. 
Gravity^ the tendency of masses of matter to fall tog^ether. 
Gravity^ tpteific^ the relative weight of difi*erent bodies in re- 

gud to some standard, as water. 
Helioeenirie place^ the places of the planets as seen from the 

sun. 
Horitanj the line that bounds the view, where the earth and 

heavens seem to meet, and which cuts the heavens into 

two equal parts. 
Mumoun of the cj/e, the aqueous, the crystalline, and the vit- 
reous. 
MydroUaiifii^ the science which teaches the laws of pressure 

and motion in fluids. 
MydrmUiet^ the science which teaches the construction of wa- 
ter engines. 
Hydrogen^ the bases of water, 15 parts with 85 of oxygen,. 

forming 100 parts of water, aqd combined with carbon, it 

produces the gas lights. 
Hydrogen gof^ the same as inflammable air, and fourteen times 

lighter than atmospheric air. 
Inerinest^ the disposition which all matter«lMLS to remain in its 

actual state. 
Infinite space^ a descrif^Elon applied to space; because no 

bounds or limits can be conceived to it. 
invertCj contrary-wise, an opposite proportion. 
Incidence^ the point at which a ray of light strikes the surface 

of any body- 
Jar, electrieali formed so as to condense the electric power. 
Latitude of places on the earth, is their distance in degrees 

from the equator, northward or southward. 
Latitude, in astronomy is the distance of a heavenly body in 

degrees from the ecliptic, northward or southward. 
Lens, &e name of any transplant body, the sides of which 

are convex or concave, fi^^e purpose of convergiqg or 

diverging rays of light. 
Light, the affection or power by which distant objects are 

brought in contact with the eye, either by particles in 

rapid motion, or bv vibrations of » universal medium* 
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Liqtttdf a staU of substance in which, by the accession or 
powers of heat, the particles slide easily ^mong^ one anoth- 
er ; without heat, all liquids become fixed, or solid. • 

Longitude of places on the earth, is the distance of the meri- 
dian of the place from the first meridian, east or west. 

Lvngiludtj in astronomy, is the distance of a heavenly body 
from the beg^inning of Aries measured on the ecliptic. 

Matrix, the substance in which metallic ores are imbedded. 

Matter, the basis of all substances, constantly chang^ngf its 
forms, but always maintaining its existence. 

Magnetism, the science which treats of the phenomena of the 
load-stone. 

Mechanical Powers, instruments for adding^ to animal force, 
as the lever, pulley, wedge, screw, &c. 

Menstruum, any liquid which dissolves and acts chemically on 
any solids. 

Meridian, a line passing from the north pole to the south pole, . 
through the zenith of any place. 

Mttals are distinguished by their weight, splendour, and duc- 
tility, and modern chemistry has detected nearly forty 
kinds, of which platina, the heaviest, is 23 times heavier 
than water. 

Microscope, any instrument by means of which an object, or 
its true image, may be seen much nearer, and conse- 
quently much larger. 

Mirror, a reflecting surface, plane, concave, or convex, by 
means of which bodies may be seen of the natural, of ao 
enlarged, or of a diminished size. 

Mobility, the power of moving matter by a sufficient force, 
under certain laws of motion. 

Momentum, the force acquired by different massd^ of matter, 
moved with different velocities. 

J^adir, the point underfoot, opposite the zenith. 

J^ode, the point of a planet's orbit at which it crosses the 
ecliptic, or earth's orbit. - 

Kon-Conduetors, surfaces of bodies which do not receive and 
transmit the electric power. 

Obliquity, of the ecliptic, is the angle made by the plane of 
the earth's orbits and the equator, in 1813, 23^27 1-2'. 

Opacity, non-transparency, m 

Optics, the delightful sciencf^ which treats of the laws of vi- 
sion, light, and colours. 

Parallax, horizontal, the angle which the earth's semi-diame- 

^ ter subtends at a distant heavenly body. 

^^rallax, annual, the angle which the earth's orbit subtends 
to distant heavenly bodies. 
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Perihelionr ^e place in a planet's orbit nearest to the sun, 
constantly in progression. 

Petrifaetion^ the depositing of earthy matter, from water, on 
the sur&ce of leaves, and other substances, forming an 
earthy or stony encrustation. 

PendiUums<t heavy bodies suspeivded from a point, and perform^ 
ing vibratipns backward and forward. 

Physicsy the science of matter and bodies, in the abstract. 

plenum^ space filled with matter, seqsible or insensible to man. 

Pntwnatics^ the science which treats of the properties of air. 

Powers opposing^ elasticity producing expansion; and gravi- 
tation, producing compression; 

i^ism, ^. gl^ wedge, used to refract light, and separate its 
di^efent rays of colours. 

Projectiles^ bodies thrown into the ^r, having a parabolic 
motion. 

JlaySf chemic^lf those of the violet end of the spectrum. 

Rainbotv, an effect produced by the reflection and refraction 
of light on dreps of rain. 

Rarefaction^ expansion, dilatation, increase of bulk. 

Ray of lights a single beapi or impulse of light, sometimes call- 
ed a pencil of light. 

Radius^ the line which extends from the centre (o the circum- 
ference of a circle. 

Radius'Veciory the line which ei^tends from the solar centre 
of the ecliptical orbits of the planets, to the circumfe- 
rence of the orbit; and the areas described by the radi- 
us-vector are proportioned to Uie times, in which they 
are described, 

RepuUiout an opposite power to that of attraction, exerted at 
very short distances, 

R^ectiofiofrays of Lights |s their rebounding on striking a 
polished surface, which tliey always leave with the same 
inclination or angle i|s that with which they fell on it. 

Refraction of rays of fjighi^ is the new direction which they 
receive on p^issing out of one medium into another. 

Retina^ is the net of nerves which is spread at the back of the 

eye to receive the excitement of &e rays of light. 
Satiuration, when a fluid will hold no inpre of any substance 

in solution. 
Satellites^ moons attached to planets. 
Secular Motion^ the motion in a century. 

ISine^ the line drawn from the circumference of a circle, per- 
pendicularly on its diameter, being h^ the chord of 
double the arch, 

18* 
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Sine^ vertedy the part of the diameter intercepted by the said 

perpeodicalar, and the centre of the circle. 
Soliditi/f the power of all matter to maintain its own space. 
SoUticety the beg;inning; of Cancer and Capricorn, or the 

longest and shortest day. 
Speetrumy the oblong image of light made by a prism divided 

into the seven colorific rays, into calorific rays, and 

into chemical rays. 
SteeUiiCy or Soap Rock, a soapy-feeling stone, composed of 

magnesia, silez, and clay. 
Synthetis, the compositioBi re-union, or re-generation, of any 

compoun'd. 
SyBygiesy the moon's place, when the earth, sun, and moon, 

are in a straight line. 
Tangenty a line touching a circle at one point. 
Teteseopcy an arrangement of lenses or mirrors, by which the 

observer is enabled to see an image of an object, under 

a larger angle, than he could with the naked eye. 
Jfiermometery an instrument to discover the heat of bodies, 

from many degrees below freezing to that of boiliog 

water or 212*^. 
yacuuniy a space unoccupied by sensible matter. 
Vapoursy the minute particles of fluids separated by heat and 

floating in the air. 
Vtloeiii^» the space which any body moves through in a given 

time. 
VihratioTiy the action of a musical string, or of the elastic 

surfaces of bodies when struck. 
VolatiUy the disposition of bodies to evaporate. 
Zeniihy the point over head. 
Zodiacy a space in the heavens, extending eight degrees on 

each side of the ecliptic within which space the suo, 

moon, and planets, move. 
Zone, spaces on the earth's surface in which distant pheno- 
mena appear, in regard to the seasons and length of days. 



N. B. So many definitions are given in the course of the vo- 
lume, that it is unnecessary to extend this glossary to all the 
terms used in the sciences. 
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Absolute gravity 

Accelerated motioa 

Acoustics 

Acoustic tubes 

Air 

— its weight 

— its elastidty 

Air-pump 

Air*g;uii 

Altitude 

Amplitude 

Antecedentia 

Antarctic circle 

Antipodes 

Anomaly 

Antoeci 

Angle of incidence 



•of reflection 



Aphelion 

Apogee 

Arcrtc circle 

Ascension 

Asteroids 

Atmosphere 



48 

21 

. 71 

75 

59 

60,62 

64 

61 

67 

116 

116 

132 

115 

120 

127 

120 

81,86 

81,86 

127 

127, 142 

115 



Camera obscura 
Central forces 
Centre of gravity 

o f motioa 
Ceres 
Cohesion 
Colours 



-of light 



113, 



Comets 
Compound motion 
Concord 
Condenser 
Conductors 



-galvanic 
^of sound 



116 
126, 137, 187 
59 
pressure of 60,63,66 
—-—sun's rays refract- 
ed by 122 
Attraction 10 
Aurora borealji 187 

australis 187 

Axis 33 

earth's 119 

Azimuth 116 

Balance, hydrostatic 50 
Barometer 67 
Battery, electrical 165 
g alvanic 191 
its power 193. 



Conjunction 
Consiequentia 
Constellations 
Curvilinear 

Day, natural 
Day and night 
Dimness of sight 
Dischai^ing rod 
Distance of planets 
Divisibility 

Earth 

globular 

revolution of 

axis of 

orbit of 

£arth, shape of 
Earthquakes 
Echo 
Ecliptic 

Eclipse, of the moon 
■ of the sun 
Elasticity 



105 
24 
26 
27 

138 
10 
91 
93 

152 
19 
75 
67 

178 

190 
73 

116 

113 

118, 166 

30,159 

123 
121 
89 
184 
153 
8 

114, 130 
114 
117 
119 
121 
131 
187 
V5 
118 
146 
147 
U 
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Elasticity of air. 64 

Elastic medium 12 

Electricity 177 

positive 180 

negative 180 

motion of 183 

galvanic 189 

Electric shock 181 

spark 183 

Electrical machine 181 

battery 185 

Electrics 178 

Electrometer 183 

Elements of planets 126 

liquation 127 

Equator 114 

Equinoxes 133 

precession of 132 

Eye 88 

Fixed stars 162 

Fluidity, cause pf 44 

Fluids 43, 44 

pressure of 45, 53 

aeriform 59 

Focus, of light 78 

Focal distance 82 

Force 23 

centripetal 24 

centrifugal 24 

projectile 157 

gravitating 158 

Forces, central 24 

Forcing pott^p 58 

Fountams 54 

Friction 41 

Qalvf^nic condactors 190 

circle, 189, 190 

battery 191 

pile 191 

trough 191 

shock ' 194 

Galv^ni 189 

Galvanism 189 

its effects on met- 

•k 193, 194 



Galvanismi its effeets 

on animals 194, 195 



Gravitation 
Gravitating force 
Gravity, centre of 
specific 
absolute 



10, 12, 157 

158 

26 

58 

48 



Gymnotus electricus 189 

JIare, professor 194 

Harding 136 

Harvest moon 150 

Heavenly bodies 153 

Herschel 140 

satellites qf 151 

Horizon 1 16 

Hydrometer 50 

Hydraulics 52 

Hydrostatics 43 

Hydrpstatical paradoj^ 4^ 

bellovs ^6 

i3alaiice 50 

Hygrometer 70 

Inclined plane 33 

Inertness 9 

Instruments, pneumatic 67 

stringed 74, 75 

wind 75 

optical 99 

Invisible lady 76 



Juno 

Jupiter 

Jupiter, satellites of 



137 

138 
151 



Lantern, magic 

Latitude 

Laws of motions 
of fluids 
of vision 



106 
116 
15 
43,45 
77 
77 
•f revolving bodies 160 
Lenses 82 

Lever 33, 35 

Leyden pUal 184 
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Light 

rays of 
beams of 
refracted 
reflected 



particles of 


79 


homog;eneous 


91 


heterog^eneoos 


91 


colours of 


93 


Lightning 


186 


Line of direction 


27 


LoDg^itude 


116, 119 


Magic Lantern 


106 


Magnet 


198 


natural 


198 


artificial 
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199 


Magnetic meridian 


199 


needle 


201 


Magnetism 


198 


theory of 


202 


Mariner's compass 


201, 203 


Mara 


136 


Mechanical powers 


32 


Mercury 


128 


Microscope 


100 


Milky way 


166 


Mirror 


99 


concave 


99 


convex 


99 


Mobility 
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Moon 


141 


eclipse of 


146 


harvest 


150 


Moon's orbit 


144 


Motion, laws of 


15 


causes of 


17 


velocity of 


18 


composition of 


19 


resolution of 


19 


accelerated 


21,22 


retarded 


21 


centre of 


27 


curvilinear 


30,159 


planetary 


157 



77 Multiplying glass 

78 Nadir J 
78 Nebulas / 

78, 80 Night and day 
78 Nodes 

Non-conductors 
Northern light 
Olbers 
Optics 
186 Optical Instruments 
27 Orbit, earth's 
moon's 
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116 
168 
121 
128 
17B 
187 
138 
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144 



Pallas 138 

Parabola 30 

Paradox, hydrostatical 46 

Parallax, annual 170 

Parallaxes 153, 170 

Pendulums 29 

Penumbra 148 

Perigee 127, 142 

Perihelion 127 

Perioeci 120 

Piazzi 138 

Planets, primary 1 25 

elements of 126 

elongation of 128 

periodical time of 128 

secondary, 141 

distances of 154 

motion of 154 

Planetary motion 157 

Plane, inclined 39 

Pneumatics 59 

Pneumatic Instruments 67 

Poles 116 

Powers, mechanical 32 

Pressure of fluids 45 

ofatmosphere 6$ 

Primary planets 111, 125 

Prism ' 92 

Projectiles 30 

Projectile force 157 

Pulley 33,37 

Pump, forcing 55 

common 5^ 
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■ refracted 
■ ■ reflected 

— diverging 
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Repulsion 
Retarded motion 

Satellites 

Satnm 

— -— satellites of 

Screw 

Sight 

Silnmus eleetriciif 

Singing 

Solidity 

Solar system 

Solstices 

Sound 

Velocity of 

— conductors of 
Speaking trumpet 
Specific gravity 
^— of men 
Spectrum 

Spring, intermittlig 
Stars, fixed 

dusters of 
Steam engine 
Sun 
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— revolution of 
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— — eclipse of 
Syphon 
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Syzygies 
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Telescopes 102 

Thermometer 68 
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— Fahrenheit's 69 

— '- Wedgewood't 69 

Thunder 186 

Times, periodical 26 

Times, equation of 123 

— — apparent 123 

mean 123 

periodical 128 

Torpedo 189 

Tourmalin 180 

Tropics 115 

Trumpets 74 

Twiljght 122 

Velocity of mdlion 18, 23 

of sound 73 

Venus 129 

Vesto 137 

Visbn 77 

Voice 74 

Voltaism 189 

Voltaic battery 189 

Water spout 189 

Wedge 33, 39 

Weight 48 

Wheel 33, 37 

Whispering gallery 74 

Whirlwind 187 

Wiiid 59 

Wind instruments 75 

Year, tropical 132 
periodical 132 

Zenith 116 

Zodiac 118 
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SCHOOL GEOGRAPHY, 

OJ^ AJr IMPROVED PLAJV. 



RKCENTIiT PITBLISHSO BT 

OLIVER D, COOKE & CO. 

Rudiments of Geography, 

BY WM* C. WOODBRroGE, A. M. 

ON A NEW PLAN, designed to assist the memory, by 
COMPARISON AND CLASSIFICATION, with numer- 
ous Engravings of Manners, Customs, and Curiosities, accom.- 
panied with an ATLAS of seven MAPS and two CHARTS, 
exhibiting, (besides what is usually embraced in Maps,) the 
prevailing RELIGIONS, forms of GOVERNMENT, de- 
grees of CIVILIZATION, and the comparative size of Towns, 
Rivers and Mountains. The SIXTH EDITION, from the 
" third Improved Edition." 

EXPERIENCE has proved that by the system of Compari- 
son and ClassificaUon, which has been adopted in this work, 
the science of Geography is presented to the Student with 
fewer difficulties, and in a far more attractive form than from 
any other similar, publication* By the plan pursued, the 
memory is greatly assiated in the recollection of facts, the 
student becomes involuntarily interested in his subject, and 
by a peculiar series of questions, styled ^^ travels on the map,'* 
he is necessarily led to a thorough understanding of it. The 
knowledge which is once attained by t!his mode of instruction 
is permanently impressed on the mind, and cannot easily be 
offaced. Those concerned in the education of Youth, ere re- 
spectfully requested to examine the principles of the system. 
The publishers have in their possession the opinions of literary 
gentlemen of the first respectability in our country, approving 
the plan and execution. 

Rev. Ashbel Green, D. D. late President of Princeton Col- 
lege, remarks — 
'< The plan is ingenious and quite original. It is admirably 

adapted to the capacities of th« young; and cannot fail to €tf 



rest and fix tfaueir atUDtion. The study of Geography will 
no long^er prove an irksome task, to perplex the mind and bar- 
den the memory, but will become a delightful exercise, a 
tort of mental recreation, which, like some juvenile amuse- 
ment, will constantly cheer and enliven the pupirs exertions, 
and prompt him forward, almost unconsciously, to the attain- 
ment, of one of the most difficult, useful, and ornamental 
branches of education. Thus to awaken the curiosity of the 
learner, and thus to allure him on the path of science, so 
as to convert what is usually regarded as hard labour into a 
real pleasure, appears to be the grand secret of the teacher's 
art. This peculiar excellence distinguishes your system 
from all others, and gives a claim to general patronage which 
none can rival. Indeed, it combines so many excellencies 
and advantages, that a fair tri^l only is necessary to ensure 
it the approbation of every intelligent and judicious instruc- 
tor of youth." 

Rev. Chauncey A. Goodrich, t^rofessor of Rhetoric in Tale 

College, observes— 

** I have examined your work on Geographv, the outlines 
of which you communicated to me some years since, as the 
result of your early experience in teaching this science. The 
materials are judiciously'selected ; and the system of ehuii- 
fication which peculiarly distinguishes your work, is excel- 
lently adapted to facilitate the acquisition of knowledge, and 
to impress it on the memory, especially when applied to the 
maps, and connected in early life with strong and interesting 
associations. The general views which you have taken of 
the Arts and Sciences, Literature, Climates, &c. are highly 
valuable ; presenting withiri a narrow compass, informa- 
tien, which is rarely accessible to the younger student.' * 

' ID*A larger and more extensive system of "UNIVER- 
SAL GEOGRAPHY," Ancient and modern, on the plan of 
the " Rudiments of Geography."— Modern Geography by 
W. C. Woodbridgc, A. M,, Ancient Geography by E. Willard, 
has recently been published, designed especially for tb« use 
of the higher clasies. 
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